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FOREWORD 


1.  Purpose ; This  report  is  published  to  inrorm  foreoasters  and 
other  personnel  concerned  with  the  development  and  operational  use  of 
sferics,  of  the  full  results  of  an  AWS  project  to  evaluate  the  meteor- 
ological worth  of  sferics.  The  detailed  observations  and  charts  pre- 
sented will  facilitate  interested  personnel  in  judging  the  validity 

of  the  conclusions  drawn,  which  have  already  been  published  in  AWS 
Technical  Report  105-67  and  AWS  Manual  105-38, 

2.  Scope ; The  report  covers  historical  background  and  planning 
of  the  Project,  preliminary  phases  of  the  investigation,  development 
of  techniques  for  reducing  end  analyzing  the  observations,  discussion 
of  the  analyzed  data,  the  correlations  found,  errors  in  the  observa- 
tions, conclusions,  and  Project  costs  and  personnel, 
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ters Air  V/eathtr  Service,  Attn:  AWSSS, 
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FINAL  REPORT  ON  THE  AWS 
SFSRICS  EVALUATION  PROJECT  (1951) 

PART  I.  - GENERAL 


1 . Introduction 

Electromagnetic  disturbances  in  the  atmosphere  or  atmospherics 
("sferics")  have  been  detected,  analyzed,  and  attributed  to  various 
causal  phenomena  by  electronics  engineers  end  meteorologists  since 
1895.  Published  literature  on  the  sferlcs  problem  abounds.  A his- 
torical summary  of  much  of  this  literature  (Weother  Service  Bulletin 
1|  1951,  pp.  48-60  prepared  as  the  first  report  of  the 

Sferics  Evaluation  Project  (see  below). 

The  electronics  engineers  have  been  concerned  with  sferics  pri- 
marily in  regard  to  noise  level  and  imdeslred  triggering  effects;  in 
other  words,  sferics  are  considered  to  be  operational  detriments  in 
this  field. 

The  meteorologists,  on  the  other  hand,  have  been  interested  in 
the  locating  of  sferics  sources  by  some  method,  such  as  trlangulatlon 
of  bearings  derived  from  a network  of  radio  direction-finding  sta- 
tions. It  has  been  hypothesized  that  these  sferics  fixes  are  syn- 
onymous with  the  locations  of  thunderstorms,  which,  in  turn,  may  be 
associated  with  oyclogonesis,  air-mass  instability,  warm-frcntal 
overnmnlng,  or  pre-cold-front  squall-lines.  The  value  of  such  data 
is  particularly  apparent  when  derived  from  regions  where  the  normal 
synoptic  data  ore  sparse,  such  as  ocean  areas. 

Although  the  meteorological  interest  in  the  sferics- thunder- 
storm association  and  in  the  synoptic  utilization  of  sferics  data 
has  been  keen  in  some  quarters,  proof  of  this  association  and  its 
utilization  has  not  been  demonstrably  conclusive  to  gain  the  support 
of  the  majority  of  the  meteorologists.  In  other  words,  much  doubt 
accompanied  the  claims  of  the  sferics  enthusiasts.  Occasionally 
sferics  fixes  seemed  to  be  misleading;  i,.e.,  they  were  located  where 
the  synoptic  patterns  were  not  indicative  of  strong  convective  activ- 
ity, such  as  the  centers  of  high-pressure  systems.  A myriad  of  other 
causes,  both  meteorological  and  non-meteorological  in  nature,  was 
suggested,  but  none  was  given  any  convincing  proof.  A problem  ex- 
isted regarding  the  origin  of  sferics.  Thus,  confidence  was  low  in 
the  minds  of  most  meteorologists  regarding  the  acceptance  of  sferics 
data  as  being  indicative  of  thunderstorm  activity,  and  consequently 
regarding  the  utilization  of  these  data. 
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2 . Activities  of  Sforioa  Evaluation  Fro.leot 

Primarily  through  the  efforts  of  Dr.  Sverre  Petterssen,  who 
sought  to  throw  some  light  upon  the  sferics  problem,  the  Air  , lea- 
ther Service  initiated  a Sferics  Evaluation  Project  during  the  lat- 
ter part  of  1950.  Actual  work  was  beg\in  on  1 February  1951,  with 
the  assignment  of  a project  officer.  The  facilities  of  the  Air 
Weather  Service  Caribbean  Sferics  Net  were  made  available  to  the 
project.  This  net  consists  of  stations  at  Ramey  Air  Force  Base, 
Puerto  Rico;  Kindley  Air  Force  Base,  Bermuda;  MacDill  Air  Force 
Base,  Florida;  and  Robins  Air  Force  Base,  Georgia.  For  the  pur- 
poses of  the  evaluation  project,  a fifth  station  was  activated  at 
Fort  Monmouth,  New  Jersey.  For  a more  detailed  account  of  the 
sferics  equipment  (AN/GRD-IA)  and  allied  photographic  instrumenta- 
tion, the  reader  is  referred  to  War  Department  Technical  Manuals 
11-2693  and  11-2338,  respectively.  Figure  1,  hov/ever,  is  a picture 
of  this  equipment  as  it  is  installed  at  the  Net  Control  Station 
(Robins  AFB) . Figure  2 shows  the  Sferics  Project  and  Net  Control 
buildings  at  Robins;  the  box-like  structures,  on  the  building  at 
the  left,  house  the  loop  antennas  associated  with  the  AN/GRD-IA. 
Figure  3 shows  the  radio  communications  equipment  at  the  Net 
Control  Station  for  use  in  the  mutual  exchange  of  directional  char- 
acteristics and  timing  of  sferics  flashes  as  photographed  on  the 
cathode  ray  oscilloscope.  A reference  (4)  is  cited  for  a more 
detailed  account  of  the  normal  operational  procedures  of  the  Cari- 
bbean Net. 

'With  the  exception  of  the  Project  Director  (Maj.  C.  E.  Jen- 
sen) , the  personnel  assigned  to  the  Sferics  Evaluation  Project  and 
their  respective  tours  of  duty  with  the  project  are  tabulated  in 
Appendix  I.  The  results  of  the  project,  herewith  reported,  represent 
an  outstanding  effort  on  the  part  of  these  personnel,  both  in- 
dividually and  collectively.  Special  words  of  appreciation  are 
due  Captain  James  W.  Green,  Captain  Mock  Siler,  Jr.,  S/Sgt.  Walter 
N.  Leneau,  and  A/lC  James  C.  Kidd.  Captain  Green  exhibited  inspired 
initiative  and  courage  during  the  initial  phases  of  the  study,  and 
contributed  substantially  to  the  siAscess  of  the  project.  Captain 
Siler  replaced  Captain  Green  as  assistant  project  director  in 
August  1951  and  continued  the  high  spirit  of  vigorous  pursuit  of 
the  project  goal.  Sergeants  Leneau  and  Kidd  were  outstanding  among 
the  airmen  in  developing  team  spirit  and  in  displaying  a sense  of 
duty  well  above  that  normally  realized. 

3.  Statement  of  Problem 


The  purpose  of  the  project  was  to  determine  the  meteorolog- 
ical significance  of  sferics  data.  This  general  purpose  was  di- 
vided into  two  specific  problems:  (l)  whether  or  not  all  sferics 
fixes  have  their  origin  in  lightning  flashes,  and  (2)  if  all 
sferics  fixes  have  their  origin  in  lightning  flashes,  how  may  the 
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meteorologist  use  such  data?  The  second  problem  was,  of  course, 
contingent  upon  results  gained  in  solving  the  first. 


lAHT  II 


i R?;Lriii:ARY  nrresTi  gat  ions 


1 . Introduction 


In  attacking  che  problem  to  determine  the  meteorological  sig- 
nificance of  sferics  data,  it  was  felt  that  some  knowledge  of  the 
climutoloey  of  sferics  fires  and  of  the  scope  of  the  Caribbean  net 
was  necessary.  Climatology  and  scope  go  hand  in  hand,  in  this 
instance,  and  monthly  sferics  distribution  charts  were  prepared  as 
a continuing  program  starting  with  June  1950. 

It  was  also  deemed  desirable  to  compare  the  monthly  sferics 
distribution  charts  with  normal  thunderstorm  distributions  in  order 
to  establish  at  least  a general  relationship  between  sferics  fixes 
and  thunderstorms.  This  was  done  for  an  eleven-month  period  begin- 
ning witfci  June  1950. 

In  addition,  the  effects  of  ionospheric  and  magnetic  storm 
activity  on  sferics  propagation  were  in'vestiguted  as  possible  sour- 
ces of  interference  and  error. 

2 . Uonttily  bferics  Distribiition  Charts 

For  the  purpose  of  gaining  knowledge  relative  to  the  clima- 
tology of  sferics  and  to  the  scope  of  the  Caribbean  net,  monthly 
distribution  charts  of  sferics  fixes  were  prepared  for  the  months 
June  1950  through  May  1952  and  these  charts  are  included  as  Figures 
4 through  27.  They  encompass  an  area  enclosed  by  the  meridians  40‘^iV 
to  105°  W and  the  parallels  5°N  to  50°N.  Utilizing  a grid  system 
composed  of  basic  squares,  2^°  of  latitude  by  5°  of  longitude,  the 
monthly  total  of  fixes  falling  within  each  square  was  noted  and 
isopleths  drawn.  The  data  used  were  derived  from  the  normal  runs 
of  the  original  four-station  Caribbean  net.  Normal  operation  during 
the  period  investigated  consisted  of  four-minute  runs  every  six 
hours.  Fixes  were  obtained  utilizing  a 120-flash  seunpling  tech- 
nique (4)  for  each  four-minute  run. 

An  examination  of  the  monthly  distribution  charts  for  the  year, 
June  1950  through  May  1951,  shows  a gradual  diminishing  of  the 
centers  of  sferics  activity  over  the  eastern  United  States  and  an 
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intensification  of  activity  over  northern  South  America  during  tho 
period  Junethrough  November.  Relative  stagnation  of  the  centers 
of  sferics  action  occurs  from  December  through  February,  and  a 
gradual  northward  displacement  of  those  centers  takes  place  during 
the  period  Larch  through  May. 

Luch  the  same  pattern  changes  take  place  for  the  year,  June 
1951  through  Lay  1952.  It  is  noteworthy,  however,  that  the  sferics 
activity  for  February  and  Lay  of  1952  was  considerably  greater  over 
the  Eastern  United  States  and  Atlantic  than  for  the  corresponding 
months  of  1951.  The  other  months  compare  reasonably  well  from  year 
to  year. 

3.  Association  of  Sferics  and  Thunderstorm  Patterns 

Figures  28  through  38  show  the  association  betv/een  the  monthly 
(June  1950  - April  1951)  sferics  distribution  patterns  and  the 
monthly  average  number  of  thunderstorm  days,  the  latter  after  Alex- 
ander from  his  40-year  record  (1904  - 1943)  (1).  Although  one  year 
may  vary  considerably  from  the  next  and  thus  it  is  not  very  signif- 
icant to  correlate  a specific  year  with  a 40-year  normal,  Figures 
28  through  38  are  included  to  show  the  general  area  association 
between  sferics  fixes  and  thunderstorm  activity.  This  same  type  of 
study  had  been  accomplished  by  other  investigators  in  other  parts  of 
the  world  with  similar  results.  It  was  felt  necessary,  however,  to 
perform  this  study  as  a first  step  in  determining  the  origin  of 
sferics  fixes.  It  should  be  noted  that  the  actual  magnitudes  as- 
signed the  isopleths  of  fix  frequency  may  not  be  converted  in  any 
convenient  manner  in  order  to  be  compared  directly  with  the  isopleth 
values  of  frequency  of  thunderstorm  days.  The  two  patterns  for  each 
month  show  general  correspondence,  although  the  significance  of  this 
is  limited,  as  stated  above.  This  association  was  mode  using  only 
that  portion  of  the  United  States  east  of  the  105th  meridian.  Thun- 
derstorm data  over  the  ocean  areas  are  not  very  reliable.  Data 
after  Brooks,  however,  were  used  for  general  area  association  and 
the  patterns  for  each  month  showed  similar  correspondence. 

4 . neighted  Lont.ily  Totals  of  Sferics  Fixes 

Supplemental  information  is  included  as  Figure  39  which  is  a 
plot  of  the  weighted  monthly  totals  of  sferics  fixes  for  the  period 
June  1950  through  Larch  1951.  Dally  averages  for  each  mouth  were 
multiplied  by  a factor  of  30,  so  that  a more  realistic  monthly 
fluctuation  in  the  number  of  fixes  could  be  presented.  The  graph 
shows  a maximum  number  of  fixes  for  July  ( 6550)  and  a minimum  for 
January  (5350),  although  fluctuations  from  month  to  month  do  not 
appear  to  be  systematic. 
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5.  Effects  of  Ionospheric  and  Magnetic  Storm  Activity  on 
Sferlcs  i-ropagatlon 

Eudden  Ionospheric  disturbances  (SID) , periods  of  abnormally 
great  absorption,  are  characterized  by  simultaneous  high  frequency 
communication  fadeouts  over  the  daylight  hemisphere  of  the  earth 
when  such  communication  is  dependent  upon  sky-wave  propagation. 

These  are  primarily  sky-wave  absorption  phenomena  and  thus  do  not 
affect  the  ground  wave  propagation  of  the  very  long  waves  (10  kc) 
wherein  the  maximum  power  of  sferics  discharges  are  concentrated 
and  with  which  we  are  primarily  concerned.  Ionospheric  reflections 
associated  with  sferics  have  been  observed,  however,  by  Kessler  and 
others  (6).  These  returns  were  observed  to  be  well-defined  only  at 
night,  and  then  only  for  approximately  2.7%  of  the  time.  When 
these  ionospheric  returns  occur,  they  occasionally  distort  the 
appearance  of  the  ground  pulse  as  detected  by  the  AN/GRD-IA  into 
an  elliptical  pattern;  the  interference  being  caused  by  a phase 
difference  between  the  return  and  the  ground  pulse,  when  the  time 
interval  separating  the  two  has  been  reduced  by  the  relative  slow- 
ing down  of  the  ground  pulse. 

Magnetic  storms  are  defined  as  severe  electromagnetic  dis- 
turbances. Little  is  known  about  the  effects  of  such  storms  on  the 
propagation  of  low  frequencies  of  the  order  of  10  kilocycles  per 
second  to  which  the  sferics  equipment  is  tuned.  Lagnetic  storms 
(above-normal  fluctuations  in  the  magnetic  field  of  the  earth)  last 
from  several  hours  to  several  days  and  are  very  often  character- 
ized by  a sudden  commencement  which  is  simultaneous  all  over  the 
earth  to  within  a few  seconds,  magnetic  storms  correlate  posi- 
tively with  sunspots,  with  the  most  frequent  and  violent  storms 
occurring  during  and  slightly  after  the  maximum  of  the  sunspot  cycle. 
The  most  satisfactory  theory  attributes  magnetic  storm  activity 
to  the  effects  of  charged  corpuscular  radiation  from  the  sun. 

Bursts  of  corpuscles,  emanating  from  the  active  regions  of  the  sun 
which  are  usually  associated  with  active  sunspot  groups,  are  de- 
flected by  the  magnetic  field  of  the  earth,  producing  ring  currents 
around  the  earth,  and  aurora.  The  appearance  of  auroral  displays 
in  lower  latitudes  produces  high  absorption  due  to  the  ionization 
at  low  levels.  This  low  level  absorption  effect  is  perhaps  the 
most  important  deterrent  to  the  propagation  of  the  very  long  waves. 

An  attempt  was  made  to  determine  the  extent  of  this  effect  by 
comparing  the  indices  of  magnetic  storm  activity  (K-indices)  with 
the  monthly  average  percentage  of  instances  when  two  or  less  sta- 
tions recorded  bearings  corresponding  to  designated  time  groups 
called  by  the  controlling  station.  It  should  be  noted  that  at 
least  three-station  participation  is  necessary  for  the  production 
of  a reliable  fix.  K-index  figures  were  obtained  from  daily  reports 
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of  the  Cheltenham  Magnetic  Observatory. 

Figure  40  is  a plot  of  the  monthly  average  percentage  of 
instances  vrtien  two  or  less  stations  recorded  bearings,  and  the 
monthly  average  K-index  for  the  months,  June  1950  through  March, 

1951.  Points  plotted  correspond  to  the  four  daily  runs  taken  at 
0000^,  0600Z,  1200Z,  and  1800Z.  With  minor  exceptions  the  two 
curves  are  generally  180°  out  of  phase  indicating  at  first  glance 
that  the  greater  the  magnetic  storm  activity  the  smaller  the 
number  of  instances  when  a particular  flash  will  not  be  detected 
by  at  least  three  stations.  In  other  words,  it  would  appear  that 
magnetic  storm  activity  increases  the  Intensity  of  the  original 
discharges  or  aids  the  propagation  of  these  pulses,  or  both.  In 
support  of  the  latter  observation,  investigators  at  the  Central 
Radio  Propagation  Laboratory  of  the  Bureau  of  Standards  concluded 
from  a study  of  the  propagation  of  18  kilocycles  per  second  pulses 
that  magnetic  storms  tend  to  aid  the  transmission  of  such  low  fre- 
quencies although  the  overall  effect  is  very  small  (2).  In  this 
connection,  however,  it  should  be  noted  that  transmission  char- 
acteristics may  vary  appreciably  for  frequencies  separated  by  only 
a few  kilocycles. 

In  an  attempt  to  determine  the  effects  of  magnetic  storm 
activity  on  the  bearings  of  the  discharge  pulses.  Figure  41  was 
prepared  showing  graphs  of  the  monthly  average  percentage  of  fixes 
obtained  based  upon  those  possible  (detection  from  at  least  three 
stations) , and  the  monthly  average  "K"  index  for  the  months  June 
1950  through  Larch  1951,  The  abscissas  are  the  same  as  in  Figure 
40.  The  two  curves  appear  also  to  be  generally  180°  out  of  phase 
with  respect  to  each  other  indicating  at  first  glance  that  the 
greater  the  magnetio  storm  activity  the  smaller  the  number  of  fixes. 
From  this  analysis,  it  may  be  concluded  that  magnetic  storm  activ- 
ity Influences  the  directional  bearings  of  sferics  to  some  extent. 

Figures  42  and  43  are  composite  graphs  representing  by  smoothed 
curves  the  data  derived  from  Figures  40  and  41,  respectively.  Data 
for  the  four  daily  runs  have  been  averaged  for  each  month.  Corre- 
lation coefficients  of  -.212  and  -.344,  respectively  were  determined. 
These  correlation  coefficients  indicate  only  that  a tendency  toward 
an  inverse  relationship  exists.  The  conclusion  that  may  be  drawn, 
therefore,  is  that  the  overall  effect  of  magnetic  storm  activity 
on  the  propagation  characteristics  of  sferics  is  small. 

6.  Diurnal  Variation  of  Sferics  Fixes 


Supplemental  information  is  included  as  Figure  44  which  depicts 
the  diurnal  variation  of  sferics  fixes  for  the  period  Juno  1950 
through  Larch  1951  utilizing  mean  data  for  each  of  the  four  daily 
run  times.  The  curve  exhibits  a maximum  at  OOOOo  and  a minimum  at 
1200Z.  It  should  be  noted  that  this  graph  does  not  reflect  the 
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frequency  of  sferlcs  flashes  since  120  flashes  were  selected  at 
random  for  each  run  and  fixes  derived  from  this  equal  si^pling. 

The  graph  does  suggest,  however,  that  either  the  intensity  of  ef erics 
activity  is  a minimum  at  1200Z  resulting  in  less  eases  of  at  least 
three-station  participation,  or  the  propagation  of  sferics  Is  ad- 
versely affected  to  the  greatest  extent  at  this  time  of  day.  Ref- 
erence is  made  to  Figure  40  and  to  conclusions  drawn  therefrom.  It 
is  noted  that  the  overall  diurnal  variation  in  magnetic  storm  activ- 
ity follows  closely  the  pattern  of  the  curve  under  discussion  exhib- 
iting also  a distinct  minimum  at  1200Z.  The  conclusions  suggested 
by  Figure  44  may,  therefore,  offer  further  substantiation  of  those 
derived  from  Figure  40. 


lAHT  III 

DlrtECT  ASSOCIATION  OF  SFKHIC3  AND  THUiroEHSTOflllS 
(Complete  Flash  Analysis) 


1.  Introduction 

The  difficulty  with  studies  in  the  past  which  attempted  to 
relate  sferlcs  and  thunderstorms  has  been  the  scarcity  of  meteoro- 
logical data  for  association  purposes.  Normal  distribution  assoc- 
iations were  made,  such  as  in  lart  II  3,  above,  but  these  are  not 
considered  conclusive  in  establishing  the  origin  of  sferics  fixes. 

To  solve  the  first  problem,  therefore,  it  was  necessary  to  find 
some  means  of  obtaining  special  observations  of  thunderstorm  activ- 
ity in  synchronism  with  the  operation  of  the  sferlcs  net. 

2.  Establisnment  of  Thunderstorm  Reporting  Network 

For  this  special  network  of  observers,  the  cooperation  cf  the 
U.  5.  Weather  Bureau  and  the  American  Telephone  and  Telegraph  Com- 
pany was  solicited  and  gained.  Without  this  voluntary  support,  the 
evaluation  program  would  not  have  been  successful.  Approximately 
8500  Weather  Bureau  Cooperative  Observers,  3000  Bell  System  Offices, 
and  all  U.  S.  Weather  Bureau  first  order,  CAA  and  AWS  type  A,  C,  D 
weather  stations  located  in  forty-one  states  east  of  the  105th  mer- 
idian were  organized  into  a special  thunderstorm  obseirving  net. 
Figure  45  shows  the  distribution  of  these  observers  over  the  area 
concerned.  This  chart  was  prepared  utilizing  a grid  system  of  1/2° 
tessera  ("squares") ; as  many  as  thirty-four  observers  were  reported 
in  a basic  square,  such  as  around  the  large  cities.  This  same  grid 
system  was  utilized  in  the  final  superposition  of  sferlcs  fixes  and 
reports  of  thunderstorms. 
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Each  observer  in  this  dense  network  was  requested  to  complete 
a special  thunderstorm  data  card,  a sample  of  which  is  inclosed  as 
Figure  46,  daily  during  July  1951.  As  noted  on  the  data  card,  the 
thunderstorm  observations  (audible  thunder  or  the  appearance  of 
lightning)  were  to  be  made  for  a two-minute  period  every  hour  on  the 
half-hour.  Operation  of  the  sferics  net  was  synchronized  with  the 
time  of  these  observations,  utilizing  the  time  signals  of  station  WrtV. 

3.  Analysis  of  Data 

All  film  records  collected  during  July  1951  and  completed  data 
cards  were  mailed  to  the  project  location  at  Robins  Air  Force  Base. 

A special  Sferics  Film  Viewer,  Rapid  Hotting,  was  designed  and  con- 
structed at  the  Signal  Corps  Engineering  Laboratory  primarily  as  a 
time  saving  device  in  the  analysis  of  the  tremendous  amount  of  film 
collected  ( approiimetely  37,200  feet  of  35mm  film  at  a camera  speed 
of  one  inch  per  second)  . Figure  47  is  a seunple  of  the  film  record 
showing  the  iViW  tone,  flashes  with  directional  characteristics,  time 
counter,  l/lOth  and  1 second  markers.  Figure  48  is  a picture  of  the 
special  film  viewer.  It  permits  the  simultaneous  analysis  of  the 
film  from  the  five  participating  stations.  Sharp  beams  of  light 
which  may  be  rotated  manually  about  each  station  circle  by  means  of 
a gear  mechanism  are  lined  up  in  accordance  with  the  azimuth  of  the 
flashes  read  on  the  film.  >Vhen  time  groups  are  properly  synchro- 
nized and  the  azimuthal  light  beams  aligned,  fixes  are  rapidly 
located. 

The  following  runs  were  completely  analyzed  (every  discernible 
flash)  by  the  project  and  will  be  discussed  in  later  sections  of  the 
report; 


Tiki; 

DATE 

0730Z, 

6 July 

1951 

1330^ 

6 July 

1951 

1530Z 

6 July 

1951 

0630Z 

7 July 

1951 

1430Z 

7 July 

1951 

1130Z 

9 July 

1951 

1330Z 

11  July 

1951 

0030Z 

20  July 

1951 

0630Z 

20  July 

1951 

1830Z 

20  July 

1951 

The  selection  of  these  ten  runs  from  a possible  744  was  based 
upon  the  following  considerations  listed  in  order  of  their  impor- 
tance: 

(1)  Five-station  participation  was  mandatory. 
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(2)  The  film  from  eaoh  Station  had  to  display  a clear  WVW 
tone  indicating  correct  time  synchronism. 

(3)  The  film  from  each  station  had  to  be  readable.  It  was 
stipulated  that  the  time  markers  ( l/lO  and  1 second)  should  be 
distinct  and  that  the  activity  be  light  enough  so  as  to  remove 
all  uncertainties  from  the  reading  of  the  time  groups  associated 
with  specific  flashes. 

(4)  Synoptic  map-times  were  considered  to  be  of  some  impor- 
tance so  as  to  permit  synoptic  associations  of  the  same  data  used 
for  the  direct  associations. 

Because  of  the  limitations  (1),  (2),  and  (3),  above,  it  is 
estimated  that  only  5^6  of  the  744  runs  made  during  July  could  be 
considered  usable  for  the  purposes  of  this  investigation.  The 
majority  of  runs  were  disqualified  because  of  too  much  "activity** 
appearing  on  the  film,  rendering  the  time-reading  of  individual 
flashes  extremely  uncertain.  This  condition  can  be  readily  al- 
leviated by  increasing  the  film  speed.  Failure  to  receive  clear 
time  signals  accounted  for  a substantial  number  of  the  dis- 
carded runs.  This  discrepancy  is  a propagation  and  local  radio 
interference  problem. 

Since  the  radio  direction- finding  equipment  is  considered 
accurate  to  only  Jfc2  and  observer  uncertainty  in  reading  the  azi- 
muths of  flashes  is  estimated  as  +1  , a fix  was  plotted  if  the 
figure  defined  by  at  least  three  azimuths  could  be  closed  to  a 
point  by  movement  of  each  azimuth  a certain  amount  up  to  a max- 
imum of  *3  . In  all  error  triangles  up  to  a "maximum"  triangle 
(one  whl'oh  can  be  just  closed  down  to  a point  by  rotating  each 
azimuth  through  3 degrees),  the  center  of  the  inscribed  circle  (in- 
tersection point  of  bisectors  of  the  angles)  was  used  as  the  fix 
location.  This  point  is  a compromise  between  the  "Steiner"  point 
and  the  centroid.  The  former  is  defined  as  the  point  at  which 
each  side  of  the  error  triangle  subtends  120°.  The  latter  is  the 
Intersection  of  the  medians.  A comparison  study  of  the  accuracy 
of  the  "Steiner"  point  versus  the  centroid  and  the  center  of  the 
inscribed  circle  was  undertaken  in  the  past  (author  unknown). 

The  criterion  used  was:  the  smaller  the  magnitude  of  the  sum  of 
the  angular  deviation  the  more  probable  the  point.  Three 

"maximum"  triangles  were  investigated  with  the  following  results: 

(1)  Triangle  I 


s 

( "Steiner" 

point) 

28.1 

I 

(Center  of 

Inscribed  Circle) 

32.4 

c 

(Centroid) 

56.5 
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(2)  Triangle  II 


s 

("Steiner"  point) 

26.0 

I 

(Center  of  Inscribed 

Circle) 

39.7 

c 

(Centroid) 

87.9 

Triangle  III 

S 

( "Steiner*'  point) 

169.0 

I 

(Center  of  Inscribed 

Circle ) 

53.8 

c 

(Centroid) 

305.7 

The  author  concluded  from  the  above  comparison  that  "it  is 
only  in  the  exceptional  case,  such  as  where  a station  lies  between 
two  vertices  of  an  error  triangle  (case  III  above)  that  the  'Steiner' 
point  gives  poor  results,  ns  determined  by  the  criterion."  The  case- 
not  discussed  by  the  author  is  the  elongated  error  triangle  where 
one  angle  is  120°  or  greater  and  the  "Steiner"  point  is  then  the  ver- 
tex of  that  angle.  This  type  of  error  triangle  results  when  the  in- 
dicated bearings  at  two  of  the  participating  stations  are  almost  par- 
allel due  to  (1)  the  great  distance  between  source  and  stations, 

(2)  the  orientation  of  the  stations  with  respect  to  the  source  and 

(3)  the  baseline  length.  The  uncertainty  in  locating  a fix  within 
such  an  elongated  triangle  will  henceforth  be  referred  to  as  the 
parallel  beam  uncertainty.  For  the  sake  of  consistency  and  after 

on  evaluation  of  the  results  of  the  comparison  study  mentioned  above, 
the  center  of  the  inscribed  circle  was  chosen  as  the  fix  location 
in  all  types  of  error  triangles.  In  other  cases  of  a quadrilateral 
or  pentagon,  the  fix  was  placed  at  the  intersection  of  the  diagonals. 

4.  Discussion  of  Results 


The  grid  system  of  1/2°  squares  was  used  in  the  preparation  of 
Figures  49  through  58.  Squares  containing  X's  represent  sf erics 
fixes,  squares  containing  slanting  lines  represent  thunderstorm 
reports,  and  completely  filled  in  squares  denote  coincidence  of  fixes 
and  reports,  ^me  of  these  results  v/ere  included  in  AWS  Technical 
Report  105-87  It  should  be  noted  that  the  squares  representing 

reports  of  thunO -jr.stcums  and  coincidence  will  appear  only  over  por- 
tions of  the  United  States  where  observers  ^re  physically  located 
(see  Figure  45) . In  this  section,  only  fixes  falling  within  this 
sane  area  v/ill  be  discussed.  On  the  original  work-charts,  the 
number  of  fixes  falling  within  a particular  basic  square  was  entered 
in  the  upper  left  hand  corner,  and  the  number  of  observers  reporting 
thunderstorm  activity  was  entered  in  the  lower  right  hand  corner 
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of  each  appropriate  square.  The  former  numbers  reflect  the  frequency 
of  flashes  froc^  a particular  thunderstorm  area  and  consequently  the 
severity  of  th.at  storm  area.  More  vdll  be  said  concerning  this  in 
Inrt  IV.  The  latter  numbers  are  a function  of  the  density  of  ob- 
servers, and  thus  only  of  passing  interest.  The  two  sets  of  numbers 
cannot  be  compared  directly,  since  the  observers  were  asked  to  report 
thunderstorm  activity  and  not  the  number  of  individual  flashes. 

In  the  tabulation  of  the  direct  association  results  which 
follo'.vs,  only  the  major  areas  of  fixes  and  thunderstorms  are  listed. 
V/ith  the  exception  of  the  phenomenon  of  fixes  "undershooting"  the 
sources,  the  major  areas  of  fixes  eind  reports  of  thunderstorm.s  over 
continental  United  States  east  of  the  105th  meridian  are  reasonably 
coincident.  Further,  no  major  area  of  reports  remained  undetected, 
nor  did  any  major  area  of  fixes  remain  unverified.  The  suggested 
reasons  (to  bo  discussed  in  detail  in  Part  VIII)  for  the  discrep- 
ancy termed  "undershooting"  are  (1)  the  inherent  instrumental 
errors  and  (2)  the  phenomenon  of  parallel  beam  uncertainty. 

Thunderstorm  activity  not  detected  by  the  net  was  isolated 
or  well- scattered.  The  suggested  reasons  for  this  limitation  of  the 
net  ere: 

(1)  The  more  active  end  more  intense  source  regions  "blank 
out"  the  film  record  of  the  isolated  activity. 

(2)  The  discharges  from  the  scattered  thunderstorms  ere  per- 
haps net  of  sufficient  strength  or  power  to  reach  at  least  three 
stations  of  the  net. 

The  fixes  not  reasonably  associated  (v/ithin  1 or  2°)  with  re- 
ported thunderstorm  activity  were  isolated  or  they  comprised  sparse 
clusters  which  "undershot"  the  sources  appreciably.  The  average 
percentage  of  these  scattered  fixes  versus  total  fixes  is  65^  for 
the  ten  runs  analyzed.  A substantial  portion  of  the  isolated  fixes 
not  verified  was  located  in  Florida  where  an  unfortunate  incident 
deprived  the  project  of  the  services  of  the  U.  S.  iVeather  Bureau 
volunteer  cooperative  observers.  A shipment  of  5000  thunderstorm 
data  cards,  which  were  to  be  distributed  to  approximately  170  co- 
operative observers  in  Florida  by  the  U.  S.  Weather  Bureau  Section 
Director  at  Jacksonville,  was  inadvertently  misplaced  and  never 
reached  its  destination.  Reports  from  Florida  would,  therefore, 
only  represent  the  efforts  of  AT&T  offices  and  KNS,  CAA,  and  U.  S. 
Weather  Bureau  first-order  stations.  The  combination  of  these  is 
still  meager  in  comparison  with  the  number  of  observing  stations 
that  the  cooperative  observers  would  have  furnished  within  the  State 
of  Florida,  and  consequently  the  chances  for  verification  of  the 
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fixes  in  this  region  were  lessened  considerably.  Other  reasons  for 
the  non-verification  of  fixes  are  suggested  below: 

(1)  Errors  in  location  of  fixes  due  to  parallel  beam  uncer- 
tainties and  to  inherent  instrumental  errors  to  be  discussed  in 
Port  VIII. 

(2)  Called  flashes  not  properly  synchronized  at  other  parti- 
cipating stations  due  either  to  a drift  in  the  electro-mechanical 
timing  device  or  to  the  density  of  activity  on  the  film  record. 

The  association  of  the  major  areas  of  thunderstorm  activity 
with  the  major  areas  of  fixes  is  tabulated  below.  The  center  of 
the  sferics  net  mentioned  in  one  of  the  column  headings  is  defined 
as  30°N  73^^*/. 


TABULATION  OF  DIRECT  ASSOCIATION  RESULTS  FOR  JULY  1951 


Association  of  L'.ajor  Areas  of  Thunderstorm  Activity  with  Uajor 

Areas  of  Fixes 


Hun 


Approximate  Center 
Location  of  Thunder- 
storm Area;  Approx- 
imate Distance  From 
Center  of  Net  and 
Reference  Description  of  Area 


Center  Location  of 
Uajor  Area  of  Fixes 
with  Respect  to  Cen- 
ter of  Llajor  Thun- 
derstorm Area,  and 
Description  of  Area  Remarks 


060730Z  Fig.  49 


40°r^  95°H 
1500  miles 
Dense  band 


060730Z  Fig.  49 


47  °N  105°W 
2500  miles 
cluster 


061330Z  Fig.  50 


39  °N  95^/^ 
1500  miles 
Dense  band 


Coincident 
Dense  band 


200  miles  S.  E. 
cluster 


Displaced  east- 
ward approx. 
Dense  band 


Area  of 
fixes  en- 
velops 
thunder- 
storm area. 

Strong  evi- 
dence of 
fixes  "un- 
dershooting" 
sources. 

Presents 
evidence 
of  fixes 
"under- 
shooting" 
sources. 
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TABULATION  OF  DIRECT  ASSOCIATION  RESULTS  FOR  JULY  1951 


Association  of  Major  Areas  of  Thunderstorm  Activity  with  Major 
Areas  of  riies (Cont* d) 


Run  Reference 

Approximate  Center 
Location  of  Thunder- 
storm Area;  Approx- 
imate Distance  From 
Center  of  Net  and 
Description  of  Area 

Center  Location  of 
Major  Area  of  Fixes 
with  Respect  to  Cen- 
ter of  Major  Thun- 
derstorm Area,  and 
Description  of  Area 

Remarks 

061530Z  Fig.  51 

39  °N 

1500  miles 
Dense  bend 

Displaced  east- 
ward approx.  1°; 
Dense  band 

Fairly  strong 
evidence  of 
fixes  "un- 
dershooting" 
sources. 

070630Z  Fig.  52 

47^  go®/; 
1500  miles 
Sparse  band 

Coincident 
Dense  band 

Area  of  fixes 
envelops 
thunder- 
storm area. 

070630Z  Fig.  52 

37  ON  990’,V 
1700  miles 
Dense  band 

Coincident 
Sparse  line 

Although 
this  area  of 
thunderstorms 
appears  lar- 
ger than  the 
preceding  one , 
the  distri- 
bution of 
sferlcs  ac- 
tivity indi- 
cates the  lat- 
ter one  to  be 
more  active. 

071430Z  Fig.  53 

45°N  86°W 
1300  miles 
cluster 

Displaced  south- 
ward approx.  1°; 
cluster 

Iresents  evi- 
dence of 
fixes  "under- 
shooting" 
sources. 

091130Z  Fig.  54 

39°N  09*^^ 
1200  miles 
Dense  band 

Coincident 
Dense  band 

Fixes  appear 
more  concen- 
trated than 
reports  of 
thunderstorms. 
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Tabulation  of  direct  aosociation  itiisuLTS  for  july  1951 


Association  of  Major  Areas  of  Thunderstorm  Activity  with  Major 
Areas  of  Fixes (Cont*d) 


Approximate  Center  Center  Location  of 
Location  of  Thunder-  Major  Area  of  Fixes 
storm  Area;  Approx-  with  Respect  to  Cen- 


imate  Distance  From  ter  of  Major  Thun- 
Center  of  Net  and  derstorm  Area,  and 


Hun  Reference 

Description  of  Area 

Description  of  Area 

Remarks 

091130Z 

Fig.  54 

40°N  100‘^A 
1900  miles 
Dense  block 

200  miles  S.E. 
cluster 

Strong  evi- 
dence of 
fixes  "un- 
dershooting" 
sources. 

111330^ 

Fig.  55 

38°N  95*^4 
1500  miles 
Dense  band 

Displaced  east- 
ward approx.  1° 
Dense  band 

1 resents 
evidence  of 
fixes  "un- 
dershooting" 
sources. 

111330L 

Fig.  55 

42°N  103°V 
2100  miles 
cluster 

250  miles  S.E. 
cluster 

Strong  evi- 
dence of 
fixes  "un- 
dershooting" 
sources. 

200030^ 

Fig.  56 

Extensive 
band  along 
eastern  sea- 
board and 
Gulf  Coast 

Coincident 

None 

200030Z 

Fig.  56 

36°N  lOb'^vV 
2200  miles 
cluster 

Displaced  east- 
ward 
cluster 

Strong  evi- 
dence of 
fixes  "un- 
dershooting" 
sources. 

200630Z 

Fig.  57 

44°N  97°'^ 

1700  miles 
Extensive  band 

Displaced 
slightly  south- 
eastward 
Extensive  band 

Evidence  of 
fixes  "un- 
dershooting" 
sources. 
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TABULATION  OF  DIRECT  ASSOCIATION  RESULTS  FOR  JULY  1951 


Association  of  Major  Areas  of  Thunderstorm  Activity  with  Major 
Areas  of  Fixes (Pont* d) 


Run 


Approiimate  Center 
Location  of  Thunder- 
storm Area;  Approx- 
imate Distance  From 
Center  of  Net  and 
Reference  Description  of  Area 


Center  Location  of 
Major  Area  of  Fixes 
with  Respect  to  Cen- 
ter of  Major  Thun- 
derstorm Area,  and 
Description  of  Area  Remarks 


201830Z  Fig.  58  Extensive 

line  along 
Gulf  Coast 
terminating 
in  Florida 

201830^  Fig.  58  37 °N  106°.. 

2300  miles 
cluster 


Coincident  None 

Extensive  band 


Displaced  east- 
ward 

Extensive 

cluster 


Major  por- 
tion of 
source  re- 
gion is 
beyond  edge 
of  cap--par- 
ticularly 
strong  evi- 
dence of  fixes 
"undershoot- 
ing" sources. 


The  tabulation  shows  that,  within  a range  of  approximately  2000 
miles  from  the  center  of  the  net,  major  areas  of  sf erics  are  essen- 
tially coincident  (evidence  of  slight  "undershooting")  with  major  areas 
of  thunderstorm  activity.  Beyond  that  range,  the  fixes  "undershoot" 
the  sources  to  an  appreciable  extent,  as  a result  of  inherent  instru- 
mental errors  and/or  the  parallel  beam  uncertainty. 

Scattered  isolated  thunderstorm  activity  not  detected  by  the  net 
was  negligible  and  insignificant  in  proportion  to  the  activity  repre- 
sented by  major  thunderstorm  areas. 

Fixes  not  verified  by  thunderstorm  activity  amounted  to  approx- 
imately 6%.  Except  for  a considerable  number  comprised  in  clusters 
which  undershot  the  source  regions,  these  fixes  were  scattered  and 
negligible  in  comparison  to  the  major  concentrations  of  fixes. 
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The  locations  of  scattered  fixes  should  be  eliminated  from  the  trans- 
mitted sf erics  message,  which  should  only  reflect  the  occurrence  of 
bands,  clusters  or  lines  of  fixes.  Proper  corrections  for  parallel 
beam  uncertainties  and  Inherent  Instrumental  errors  should  be  applied 
to  the  locations  of  such  areas  when  they  occur  at  distances  greater 
than  8000  miles  from  the  center  of  the  net,  or  the  transmitted 
sferics  message  should  only  include  data  within  the  specified  range 
of  accuracy. 

Figures  49  through  58,  although  only  a small  sampling  of  the 
available  data,  are  believed  to  be  representative  of  the  capabil- 
ities end  limitations  of  the  Caribbean  Sferics  Net.  The  data  show 
that  the  net  can  detect  accurately  all  major  thunderstorm  areas 
within  a radius  of  approximately  2000  miles  from  the  center  of  the 
net  with  evidence  of  undershooting  beyond.  In  other  words,  the 
project  felt  at  this  point  that  the  first  problem  had  been  solved; 
i.e.,  the  origin  of  sferics  fixes  is  thunderstorm  activity. 


PAKT  IV 


/^SO C lATION  OF  SFERICS  AND  SYNOPTIC  PATTERNS 


(Complete  Flash  Analysis) 

1 . Introduction 

The  same  runs  discussed  above  in  relation  to  the  direct  assoc- 
iation studies  were  used  in  relating  sferics  fixes  to  characteristic 
synoptic  patterns.  The  purpose  of  making  this  synoptic  association 
study  is  to  determine  the  meteorological  worth  of  sferics  data  as 
on  old  in  synoptic  analysis  and  forecasting,  particularly  in  the  ab- 
sence of  much  of  or  all  the  normal  surface  data. 

The  synoptic  map-times  do  not  in  all  coses  correspond  precisely 
with  the  times  of  the  sferics  runs,  but  in  five  of  the  ten  charts 
are  in  deviation  by  one  hour.  These  synoptic  charts  (Figures  59 
throtigh  60  and  62  through  69)  consist  of  squares  containing  X's 
representing  fixes  and  synoptic  analyses  which  were  made  without 
knov/ledge  of  the  fix  locations.  The  following  discussions  will  be 
primarily  concerned  with  the  associations  between  the  fixes  and 
synoptic  analyses  north  of  the  85th  parallel.  Detailed  studies  for 
the  tropical  regions  are  recommended  for  future  research. 

Results  of  synoptic  associations  made  during  July  yield  the 
following : 

(l)  Bands  of  fixes  appear  in  advance  of  and  parallel  to  surface 
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warm  fronts  indioating  thunderstorm  activity  caused  by  overrunning. 

(2)  Bands  and  lines  of  fixes  have  been  noted  in  advance  of 
and  parallel  to  surface  cold  fronts  Indicating  pre-cold  front  air 
mass  and/or  squall-line  activity. 

(3)  Clusters  of  fixes  are  found  in  cold-air  sectors  immediately 
behind  cold  fronts  indicating  either  air  mass  or  frontal  lifting 
thunderstorms  in  that  region. 

(4)  Dense  bands  of  fixes  concentrated  on  certain  portions  of 
quasi-stationary  fronts  are  indicative  of  cyclogenetic  activity. 

Each  synoptic  association  chart  is  discussed  in  detail  in  the 
next  paragraph.  A sequence  of  five  charts  is  presented  for  the  6th 
and  7th  of  July,  a sequence  of  three  charts  for  the  20th,  and  indi- 
vidual charts  for  the  9th  and  11th. 

2.  Dlscuasion  of  Each  Synoptic  Association  Chart 

Figure  59  - 060730Z  July  1951,  313  fixes,  map  time  - 0630Z.  A 
dense  band  of  fixes  is  oriented  parallel  to  and  predominantly  north 
of  the  warm  front  through  the  i'.idwest,  indicating  thunderstorm 
activity  caused  by  overrunning.  A loose  band  of  fixes  "brackets" 
the  cold  front  off  the  east  coast,  indicating  pre-cold  front  air 
mass  activity  and  instability  thunderstorms  within  the  cold  air  sec- 
tor. The  relatively  dense  block  of  fixes  located  off  the  Carolina 
coasts  is  difficult  to  explain  unless  this  activity  is  indicative  of 
cyclogenesis  in  this  region.  These  fixes  and  the  former  ones  are 
verified  by  ship  reports  of  cumulonimbi  and  lightning. 

If  these  sferics  dataware  the  OEiy  vediher  reports  available  for 
this  area,  it  appears  quite  iixely  that  the  causal  synoptic  situation 
could  have  been  deduced  — the  N'Af-SE  orientation  of  the  fixes  in  the 
L'idwest  suggesting  warm  frontal  activity  and  the  NE-SW  orientation 
of  the  fixes  off  the  east  coast  suggesting  the  presence  of  a cold 
front. 

Based  upon  the  sferics  data  for  this  map  and  the  next,  it  appears 
that  the  northern  portion  of  the  cold  front  in  the  Atlantic  might 
well  have  been  displaced  eastward  of  its  indicated  position  which  is 
based  upon  scanty  reports  in  this  region  without  the  benefit  of 
sferics  data. 

Figxire  60  - 061330Z  July  1951,  453  fixes,  map  time  - 1230Z. 

This  map  presents  the  six-hour  displacement  of  the  frontal  system 
described  above.  Sferics  fixes  are  grouped  and  oriented  with  re- 
spect to  the  frontal  pattern  essentially  the  same  as  in  the  last 
instance.  Greater  frequencies,  however,  occur  off  the  coasts  of 
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Georgia  and  South  Carolina  than  was  evident  for  the  preceding  map 
in  association  with  the  southern  extremities  of  the  cold  front.  The 
number  of  fixes  per  1/2°  square  run  from  five  to  eleven  compared 
with  one  to  three  per  basic  square  for  other  concentrations  of  fixes 
appearing  on  this  map.  Reference  is  made  to  Figure  61  which  shows 
the  classic  model  after  Bergeron  of  a well-developed  frontal  struc- 
ture, such  as  the  one  under  observation.  It  is  noted  that  the  rela- 
tively large  frequencies  of  fixes  per  basic  square  in  Figure  60  are 
located  on  a portion  of  the  quasi-stationary  front  which  is  the  same 
portion  of  the  model  frontal  structure  which  Bergeron  classifies  as 
exhibiting  anafront  characteristics;  i.e.,  strong  oyclogenetio  activ- 
ity. The  initial  intensification  by  f rontogenesis  of  the  quasi- 
stationary  front  in  Figure  60  was  perhaps  directly  influenced  by  the 
greater  thermal  discontinuity  experienced  off  the  Georgia  and  South 
Carolina  coasts  as  a result  of  the  Gulf  Stream  track,  in  this  vicinity, 
xave  formation  in  this  hyperbolic  flow  region  will  depend  upon  the 
intensity  of  the  organized  combination  of  the  warm-air  upgliding  and 
the  cold-air  dcwngliding  along  neighboring  front  sectors  i6) . The 
influence  of  the  precipitation  processes  as  personified  by  the  sferics 
activity  may  not  be  overlooked  as  strong  pressure  change  causes. 
Although  a distinct  wave  did  not  form  on  this  portion  of  the  quasi- 
stationary  front,  a separate  low  center  might  well  have  been  placed 
in  this  region. 

The  fixes  north  of  the  warm  front  in  the  Midwest  are  undoubtedly 
the  result  of  nhe  continued  forced  ascent  of  warm,  moist  air. 

Figure  62  - 061530Z  July  1951,  407  fixes,  three-hourly  synoptic 
data.  This  map  represents  a three-hour  displacement  of  the  frontal 
system  described  above.  Sferics  fixes  are  grouped  and  oriented  with 
respect  to  the  frontal  pattern  essentially  the  same  as  in  the  last 
instance  with  one  exception  and  that  is  the  disappearance  of  fixes 
ahead  of  the  cold  front  in  the  North  Atlantic.  This  indicates  that 
pre-cold  front  air  mass  and/or  squall-line  activity  ceases  to  exist 
when  the  air  ahead  of  the  cold  front  has  experienced  a substantial 
trajectory  over  cool  water.  An  interesting  feature  of  this  chart  is 
the  even  greater  frequency  of  fixes  concentrated  off  the  coast  of 
Georgia  and  northern  Florida  in  association  with  the  frontal  struc- 
ture in  that  region.  This  may  be  attributed  to,  or  may  be  a cause  of, 
an  intensification  of  the  cyclogenetic  activity  on  this  portion  of 
the  front. 

Figure  63  - 070630Z  July  1951,  303  fixes,  map  time  - 0630Z. 

This  map  represents  the  synoptic  pattern  fifteen  hours  later  than 
that  of  the  last  case  discussed  ibove.  The  fixes,  which  on  the  past 
three  maps  were  banded  slightly  north  of  the  warm  front  through  the 
Midwest,  are  displaced  a considerable  distance  north-eastward,  and 
are  coincident  with  an  isallobario  minimum.  This  suggests  that  a 
greater  amount  of  lift  or  overrunning  is  required  in  the  production 
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of  thunderstorm  activity  in  this  particular  case,  lerhaps,  also,  a 
poor  analysis  was  made  in  this  instance,  or  an  upper  front  is  pro- 
ducing the  thunderstorm  activity.  Scattered  fixes  in  the  warm  sec- 
tor are  probably  the  result  of  the  strong  warm,  moist  air  advection 
in  the  lower  levels  overrun  with  cold  dry  air  aloft.  The  orienta- 
tion and  location  of  the  fixes  with  respect  to  the  cold  front  in 
the  Atlantic  are  essentially  the  same  as  on  the  last  map  with  the 
greater  number  of  fixes  appearing  behind  the  cold  front.  The  con- 
centration of  fixes  off  the  Florida  and  Georgia  coasts,  however, 
is  not  as  striking  in  this  case  as  in  the  last  instance.  A trough 
oriented  north-south  through  Florida  and  Cuba  accounts  for  the  re- 
mainder of  the  fixes.  Surface  synoptic  data  indicate  appreciable 
isallobaric  falls  coincident  with  these  fixes. 

Figure  64  - 07  14  302.  July  1951,  329  fixes,  three-hourly  synoptic 
data.  The  amount  of  elapsed  time  from  the  last  map  discussed  is 
eight  hours.  Fixes  associated  with  the  warm  front  through  the  Mid- 
west are,  as  in  the  last  case,  located  over  the  Great  Lakes  region 
and  considerably  northeast  of  the  surface  front,  which  now  exhibits 
a distinct  bulge  in  that  direction.  These  fixes  are  again  coin- 
cident with  an  isallobaric  minimum.  Isolated  fixes  in  the  warm 
sector  are  undoubtedly  the  remains  of  the  thunderstorm  activity 
on  the  previous  map.  « band  of  fixes,  sparse  in  some  portions,  con- 
tinues to  "bracket"  the  essentially  stationary  front  extending  through 
northern  Florida  eastward  into  the  Atlantic. 

Figure  65  - 091130^  July  1951,  595  fixes,  map  time  - 1230^.  a 
completely  new  synoptic  pattern  exists  since  considerable  time  has 
elapsed  between  this  map  and  the  nap  discussed  above.  The  partic- 
ularly dense  band  of  fixes  through  central  Illinois  and  northern 
luissouri  is  associated  with  cold  frontal  and  quasi-stationary  frontal 
activity  in  that  region.  The  compact  nature  of  this  area  of  fixes 
{ L.ee  Figure  60)  suggests  strong  cyclogenotic  activity.  A cluster  of 
fixes  located  off  the  coast  of  Florida  is  located  east  of  a trough 
and  coincident  with  a field  of  isallobaric  falls. 

Figure  66  - 111330.J  July  1951,  204  fixes,  map  time  - 1230^.  A 
dense  band  of  fixes  is  still  coincident  with  a portion  of  the  essen- 
tially stationary  front  (same  as  in  last  instance)  oriented  east- 
west  through  the  I'.idwest.  The  compact  nature  of  this  band  of  fixes 
suggests,  as  in  the  last  instance,  future  wave  formation  on  that 
portion  of  the  front.  This  particular  synoptic  situation  was  some- 
what unusual  because  of  the  persistence  of  this  area  of  thunderstorm 
activity  with  only  slight  southward  movement  through  seventy- two 
hours  or  more.  The  area  of  the  sferics  activity  appeared  to  be  a 
breeding  place  for  a series  of  small  waves  or  ripples  which  proceeded 
eastward  along  the  frontal  surface  and  finally  dissipated,  a cluster 
of  fixes  in  the  Gulf  of  Lexico  is  verified  by  ship  reports  of  towering 
cumuli,  and  a closer  analysis  of  the  synoptic  data  indicates  that  a 
trough  might  well  have  been  placed  in  this  region.  The  clusters  of 
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fixes  located  in  the  southern  peripheral  region  of  the  sub-tropical 
Atlantic  high  and  verified  by  ship  reports  of  towering  cumuli,  ore 
difficult  to  explain.  Large,  developed  highs  are  often,  however, 
characterized  by  convective  activity  in  the  SW  sector  due  to  pres- 
ence of  sufficient  moisture  and  rising  motion  in  this  sector.  Iso- 
lated fixes  in  advance  of  the  NL-bW  front  off  the  eastern  coast  are 
also  verified  by  ship  reports  of  cuiiiulonimbi  and  thunderstorms. 

rigure  67  - 200030Z  July  1951,  592  fixes,  map  time  - 0030Z. 

This  map  represents  the  beginning  of  a nev/  synoptic  series.  The  syn- 
optic pattern  in  this  case  exhibits  a squall-lino  v.’hich  extends  from 
the  northern  Gulf  Coast  northeastward  along  the  eastern  seaboard.  A 
broad  dense  bend  of  fixes  is  strikingly  centered  along  this  line. 
Although  the  squall-line  cannot  be  precisely  located  from  the  surface 
synoptic  data,  the  050-millibar  chart  shows  a long  narrow  tongue  of 
warm,  moist  air  in  the  same  position.  The  locations  of  a substantial 
portion  of  the  fixes  in  the  L'.idwest  are  erroneous,  since  they  have 
"undershot"  the  true  source  region,  which  is  at  and  beyond  the  edge 
of  the  map  (see  Part  HI  4,  above). 

Figure  68  - 200630Z  July  1951,  306  fixes,  map  time  - 06304..  A 

six-hour  lapse  in  time  has  occurred  since  the  last  map  discussed  abcve. 
The  fixes  coincident  v/ith  the  squall-line,  which  has  moved  eastward 
off  the  coast,  have  become  sparse  relative  to  the  dense  band  noted 
on  the  preceding  nap.  Isolated  fixes  now  bracket  the  surface  cold 
front,  indicating  that  this  front  is  intensifying  as  the  prefrontal 
squall-line  dissipates.  Through  the  Midwest,  overrunning  associated 
with  a warm  front  produces  a narrow  band  of  fixes  which  is  north  of 
the  surface  front. 

Figure  69  - 201830Z  July  1951,  740  fixes,  map  time  - 103OZ. 

This  run  had  the  greatest  number  of  fixes  of  any  plotted  in  the  present 
series  of  ten  runs,  the  average  being  433.  Twelve  hours  of  time  have 
elapsed  since  the  last  map-time.  The  squall-line  now  produces  only 
a few  scattered  fixes;  it  was  carried  on  this  synoptic  chart  on  a 
continuity  basis  only.  Rather,  the  sferics  activity  appears  to  con- 
centrate more  on  the  surface  cold  front  where  a loose  band  of  fixes 
bracket  the  front,  indicating  even  more  definitely  than  the  previous 
case  the  intensification  of  the  cold  front  as  the  prefrontal  squall- 
line dissipates.  A trough  over  the  northern  Gulf  Coast  is  marked 
by  a narrow  band  of  fixes  of  high  frequency.  By  far  the  greatest  fre- 
quency of  sferics  activity  on  this  map  coincides  with  a NE-S'.V  trough 
passing  over  southern  Florida  to  the  Yucatan.  A widespread  cluster 
of  fixes  is  located  in  the  warm  sector  of  an  occluded  system  in  the 
far  Midwest,  The  pattern  of  these  fixes  is  greatly  biased  (see  Part 
III  4,  above) . 

3,  Remarks  on  Utilization  of  Sferics  Data 


The  foregoing  synoptic  association  discussion  (complete  flash 
analysis)  has  brought  to  light  certain  Interesting  relationships 


20 


A.VS  TR  105-102 


between  thunderstorm  activity  or  sferics  and  characteristic  syn- 
optic situations  us  follows: 

a.  ..'am  Fronts  - The  several  cases  of  warm  frontal  activity 
have  exhibited  compact  bands  of  fixes  200  to  300  miles  wide  which 
have  appeared  parallel  to  and  north  of  the  surface  discontinuity. 

The  length  of  the  band  (along  the  surface  front)  is  a direct  function 
of  the  width  of  the  southerly  flov/  of  warn  moist  air  normal  to  the 
surface  front.  The  surface  isobars,  by  their  spacing  and  orientation 
with  respect  to  the  surface  warm  front,  give  a good  estimate  of  the 
width  of  this  low  level  warm  advection  and  thus  the  length  of  the 
thunderstorm  band  in  advance  of  the  warm  front.  The  orientation  of 
these  warm  frontal  bands,  in  every  case,  conforms  with  the  average 
surface  front  orientation;  i.e.,  from  the  sector  to  the  SE  sector. 
From  the  sferics  band  orientation  then,  warn  frontal  activity  may 

be  deduced.  From  the  width  and  length  of  the  band,  the  magnitude 
and  extent  of  the  low  level  southerly  flow  may  be  estimated. 

b.  Cols,  Cyclogenesis.  Frontogenesis  - Frontogenesis , cyclo- 
genesis, and  a pressure  col  are  grouped  together  here  because  of 
their  frequently  intimate  synoptic  relationship  and  because  of  the 
pertinent  sferics  cases  under  analysis.  Compact  bands  of  fixes 
with  the  greatest  frequency  counts  per  basic  square  have  been 
noted  to  be  parallel  to  and  coincident  with  quasi-stationary  fronts 
in  regions  of  hyperbolic  flow.  Figures  60,  62,  65,  and  66  are 
examples  of  this  situation.  In  each  case  the  banded  structure  of 
the  fixes  is  oriented  E-.< , in  conformity  with  the  predominant  orien- 
tation of  quasi-stationary  fronts.  In  each  case,  also,  the  cyclo- 
genetioally  active  portions  of  the  fronts  were  outlined  by  the 
sferics  bands. 

c.  Cold  Fronts  - Gold  fronts  are  the  most  difficult  to  define 
from  a sferics  standpoint  since  there  appears  to  be  no  intense 
banded  stjructure  of  fixes  in  association  with  the  frontal  surface, 
exclusive  of  pre-cold  frontal  squall  lines  to  be  discussed  in  the 
next  paragraph,  sferics  fixes  appear  only  to  s})arsely  "bracket”  the 
surface  cold  front.  The  orientations  of  the  loose  bands  are  in 
every  case  parallel  to  the  surface  front,  with  the  majority  of  the 
fixes  falling  behind  the  front  in  association  with  instability  con- 
ditions within  the  cold  air  sector. 

d.  Jouall  Lines  - ire-cold  front  squall  JLines  as  defined  by 

sferics  activity  are  generally  easy  to  distinguish  (see  Figure  67) 
from  the  other  synoptic  situations  discussed  above.  The  banded 
structure  is  particularly  evident  and  the  orientation  is  pre- 
dominantly in  conformity  with  the  average  orientation  of 

squall  lines. 

e.  Flow  1 atterns  - If  sferics  data  were  to  be  used  in  con- 
junction with  little  or  no  other  data  in  synoptic  analysis,  certain 
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general  features  of  the  flow  patterns  aloft  may  be  deduced  in 
addition  to  and  in  support  of  the  frontal  patterns  discussed  above. 
Where  a dense  band  of  fixes  exists,  much  can  be  said  about  the  flow 
aloft.  A coincident  warm  moist  tongue  must  be  present  at  850  mb 
perhaps  extending  to  the  700-mb  level.  Overrunning  this  low  level 
warm  air  adveotion  will  normally  be  a cold  djry  tongue  at  the  500  mbs 
level,  the  two  flows  intersecting  in  the  three  dimensional  picture 
at  a large  angle  (occasionally  00°)  in  the  region  of  the  sferios 
band.  The  isotach  analyses  at  upper  levels  will  generally  show  the 
region  of  maximum  speed  to  be  along  the  western  and  northern  edges 
of  the  sferios  band.  If  an  extensive  banded  structure  is  oriented 
NE-SW , as  in  the  case  of  squall-line  and  cold  frontal  activity,  the 
presence  of  a major  westerly  trough  may  bo  deduced,  displaced  slightly 
westward  of  the  sferics  band.  If  the  band  is  E-W,  as  in  the  case  of 
quasi-stationary  fronts,  the  flow  aloft  is  more  zonal,  but  cyolo- 
genetio  processes  are  present.  If  the  band  is  oriented  NW-SE  as  with 
warm  frontal  activity,  a minor  trough  may  be  deduced  with  displace- 
ment slightly  westward  of  the  sferics  band. 

This  discussion  of  flow  pattern  aloft  may  be  applied  only  to 
sferics  structures  north  of  approximately  the  25th  parallel.  Trop- 
ical and  sub-tropical  bands  must  be  treated  separately  in  association 
with  easterly  waves,  and  tropical  disturbances. 

f.  Weather  - Not  to  be  overlooked  in  this  deduction  process 
from  thunderstorm  or  sferics  data  are  the  conditions  of  cloudiness, 
icing,  turbulence,  hail,  rain,  lightning,  and  visibility.  The  major 
hazard  to  flying  is  thunderstorm  activity  with  all  its  attendant  evils, 
where  the  sferics  band  exists  there  can  be  no  doubt  about  the  pres- 
ence of  a solid  mass  of  towering  cumuli,  cumulonimbi,  heavy  rain, 
lightnj-ng,  severe  turbulence,  reduced  visibility,  heavy  icing  above 
the  0°C  Isotherm,  and  posalble  hall.  Surrounding  the  sferios  band 
will  be  varying  amounts  of  convective  cloudiness  inversely  propor- 
tional to  the  distance  from  the  band  itself.  The  types  of  cloud- 
iness and  the  amounts  surrounding  the  sferios  bands  are  also  functions 
of  the  causal  synoptic  pattern  deduced  above. 


PART  V 


DEVELOniENT  OF  ADEW.UATE  SAMPLING  TECHNIQUE 


1.  Introduction 

The  sferlqs  patterns  discussed  in  Parts  111  and  17,  above,  were 
the  results  of  a complete  evaluation  of  every  flash  discernible  on 
each  two-minute  film  record.  This  type  of  analysis  is  not  operation- 
ally feasible  because  of  the  time  consuming  element.  It  requires 
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approximately  ten  houre  for  5 people  to  evaluate  the  film  records 
containing  about  1,000  flashes;  the  average  number  of  flashes 
occurring  on  the  film  records  of  the  ten  runs  discussed  in  Parts 
111  and  IV  is  1,054.  As  many  as  12,000  flashes  have  been  known 
to  occur  on  a two-minute  film  record  during  a very  active  summer's 
day,  while  120  flashes  may  typify  an  inactive  winter's  day.  The 
location  of  the  sferics  net  with  respect  to  th\mderstorm  producing 
regions  will,  of  course,  have  considerable  influence  on  these  max- 
imum and  minimum  figures.  The  figures  noted  above  are  based  upon 
operational  experience  of  the  Caribbean  Net. 

Because  of  the  prohibitive  time-consuming  element,  the  ques- 
tion arises  as  to  whether  results  derived  from  a sampling  of  the 
available  data  are  representative  of  results  gained  through  a complete 
analysis.  Further,  the  size  of  the  sample  selected  must  satisfy  the 
requirement  for  a realistic  processing  time.  The  same  ten  runs  dis- 
cussed previously  were  used  as  bases  to  test  the  representativeness 
of  the  following  samples: 

a.  250  flashes,  Robins  station  calling,  flashes  well-defined 
and  evenly  distributed  through  two-minute  film  record. 

b.  200  flashes  (same  other  conditions,  as  above). 

c.  100  flashes  (same  other  conditions,  as  above). 

The  time  necessary  to  process  250  flashes  is  approxiniately  2i 
hours.  Beyond  three  hours,  the  time  element  becomes  prohibitive, 
i/ith  regard  to  the  condition  that  the  flashes  selected  be  well- 
defined,  this  does  not  mean  that  only  the  flashes  with  large  ampli- 
tudes were  chosen,  but  rather  that  the  azimuths  be  reliably  deter- 
mined by  the  calling  station.  Since  the  amplitude  of  the  flash  is,  in 
general,  an  inverse  function  of  the  distance  between  source  and  detec- 
ting station,  a mixture  of  amplitudes,  large,  medium,  and  small,  were 
selected  in  order  to  insure  an  adequate  area  representation.  In  these 
respects,  the  sampling  process  was  purposive  in  nature. 

As  mentioned  above,  the  samples  were  selected  from  the  film 
records  which  were  fully  analyzed  and  discussed  in  Pcrts  III  and  IV. 

A goal  was  set  whereby  a sample  is  declared  adequate  if  the  squares 
derived  therefrom  represent  60%  of  the  squares  derived  from  the  com- 
plete analysis.  The  statistics  of  the  full  analyses  are  as  follows: 

Date-Time  No.  of  Fixes  Estimated  Called-Fla shea 


0607 30Z 

July 

1951 

313 

1440 

061330Z 

July 

1951 

453 

1200 

061530Z 

July 

1951 

407 

1080 
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Date-T ime 

No.  of  Fixes 

Estimated  Called-Flashes 

070630Z  July  1951 

303 

840 

071430Z  July  1951 

329 

480 

091130Z  July  1951 

595 

1320 

111330Z  July  1951 

284 

720 

200030Z  July  1951 

592 

1920 

200630Z  July  1951 

306 

480 

201830Z  July  1951 

748 

960 

Averages 

433 

1054 

The  3tatl3tiC3,  above,  included  counts  where  more  than  one  fix 
fell  within  a baaio  square.  In  the  aampling  atudy,  areal  diatri- 
bution  waa  oonaidered  to  be  of  greateat  importance  and,  therefore, 
the  frequency  counta  of  fixea  per  basic  square  were  eliminated.  In 
other  words,  the  above  tabulation  was  revised  to  reflect  the  number 
of  basic  squares  containing  fixes,  rather  than  the  actual  number  of 
fixes  obtained.  The  number  of  called  flashes  was  adjusted  accord- 
ingly on  a percentage  ratio  basis.  The  following  tabulation  gives 
the  revised  statistics: 

No.  of  Squares  Estimated  No, 


Date-Time 

Containing  Fixes 

Called-Flashes 

060730Z 

July 

1951 

272 

1,251 

061330Z 

July 

1951 

215 

570 

061530Z 

July 

1951 

191 

507 

070  630Z 

July 

1951 

262 

727 

071430Z 

July 

1951 

234 

341 

091130^ 

July 

1951 

153 

339 

111330Z 

July 

1951 

212 

537 

200030Z 

July 

1951 

368 

1,194 

200630Z 

July 

1951 

257 

403 

201830Z 

July 

1951 

326 

419 

Averages 

249 

629 

Total 

2,490 

6,288 
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2 . Comparison  of  Samples 

It  should  be  noted  at  the  beginning  of  this  sampling  evaluation 
that,  since  the  population  (total  called- flashes)  varies  from  run 
to  run,  the  size  of  the  sample  expressed  as  a percentage  of  the  pop- 
ulation will  also  vary.  Normally,  a sample  representing  as  much  as 
30  per  cent  of  the  population  from  which  it  is  taken  may  be  consid- 
ered adequate  to  serve  the  purpose  for  which  it  is  drawn.  Viewed 
in  this  light,  samples  composed  of  250  and  200  flashes  meet  this 
requirement  for  the  large  majority  of  the  runs,  while  the  100-flash 
sample  falls  short  completely. 

To  ascertain  more  practically  the  representativeness  of  the 
samples,  the  fix  distributions  or  patterns  derived  from  the  samples 
were  superimposed  upon  the  fix  patterns  obtained  from  the  complete 
analyses.  A count  was  then  made  of  the  number  of  sample  fixes  which 
either  bordered  on  or  were  coincident  with  fixes  from  the  complete 
analysis;  these  sample  fixes  were  denoted  as  hits,  while  all  others 
were  misses,  iiince  the  flashes  called  in  the  sampling  process  were 
also  included  in  the  full  analyses,  some  explanation  is  required 
regarding  the  presence  of  sample  fixes  which  are  classified  as  misses. 
Jample  fixes  which  did  not  border  on  fixes  from  the  complete  anal- 
ysis were  displaced  by  at  least  30  nautical  miles.  The  latter  order 
of  magnitude  may  readily  be  attributed  to  human  uncertainties  in 
reading  azimuths  and  plotting  fixes,  particularly  ir.  cases  of  elon- 
gated error  triangles. 

The  following  table  shows  the  number  of  hits  and  misses  for 
each  sample: 

ijate-Tlme  Flashes  in  Fixes  obtained  Hits  Misses 

6ami)le  from  samnle 


060730  Jul 

•51 

250 

144 

107 

37 

061330  Jul 

•51 

250 

137 

111 

26 

061530  Jul 

*51 

250 

125 

91 

34 

070630  Jul 

•51 

250 

170 

126 

44 

071430  Jul 

*51 

250 

144 

110 

34 

091130  Jul 

*51 

250 

114 

88 

26 

111330  Jul 

*51 

250 

152 

108 

44 

200030  Jul 

*51 

250 

148 

121 

27 

25 
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Date-Time 

Flashes  in 
Sample 

Fixes  obtained 
from  sample 

Hits 

Uisses 

200G30 

Jul  ’ 

51 

250 

165 

109 

56 

201830 

Jul  ' 

51 

250 

125 

108 

17 

Total 

c 

o 

1,424 

1,079 

345 

0607 30Z 

. Jul 

'51 

200 

119 

82 

37 

061350 

Jul 

'51 

200 

108 

80 

28 

061530 

Jul 

'51 

200 

73 

54 

19 

070630 

Jul 

'51 

200 

91 

69 

22 

071430 

Jul 

'51 

200 

125 

95 

30 

091130 

Jul 

'51 

200 

108 

77 

31 

111330 

Jul 

'51 

200 

139 

98 

41 

200030 

Jul 

'51 

200 

133 

115 

18 

200630 

Jul 

' 51 

200 

127 

77 

50 

201830 

Jul 

'51 

200 

98 

86 

12 

Total 

2,000 

1,121 

833 

288 

060730 

Jul 

'51 

100 

78 

50 

28 

061330 

Jul 

'51 

100 

54 

40 

14 

061530 

Jul 

'51 

100 

66 

49 

17 

070630 

Jul 

'51 

100 

38 

25 

13 

071430 

Jul 

'51 

100 

72 

57 

15 

091130 

Jul 

'51 

100 

65 

49 

16 

26 
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Date-Time 

Flashes  in 

Fixes  obtaxned 

Hits 

Misses 

Sample 

from  sample 

111330 

Jul 

’51 

100 

71 

57 

14 

200030 

Jul 

'51 

100 

83 

74 

9 

200630 

Jul 

'51 

100 

57 

40 

17 

201830 

Jul 

'51 

100 

47 

41 

6 

Total 

1,000 

631 

482 

149 

The  following  table  shows  the  degree  of  difference  between  the 
number  of  fixes  classified  as  hits;  that  is,  the  2C0-flash  sample 


over  the  100- 
flash  sample; 

Date 

liaa 

flash  sample,  and 
Hits 

the  250-flosh 

sample  over  the  200- 
lercent  increase  in  Hit 

saiuLlQ 

sample 

IQQ 

sample 

260  over 
200  sample 

200  over 
IQg  saacli 

060730  Jul 

'51 

107 

82 

50 

♦■305^ 

+ 64  Jo 

061330  Jul 

'51 

111 

80 

40 

39 

100 

061530  Jul 

'51 

91 

54 

49 

69 

10 

070630  Jul 

'51 

126 

69 

25 

03 

176 

071430  Jul 

' 51 

110 

95 

37 

16 

67 

091130  Jul 

'51 

88 

77 

49 

14 

57 

111330  Jul 

'51 

108 

98 

57 

10 

72 

200030  Jul 

'51 

121 

115 

74 

5 

55 

200630  Jul 

'51 

109 

77 

40 

42 

92 

201830  Jul 

'51 

108 

86 

41 

26 

110 

Total 

1,079 

833 

482 

+30 

rfo." 

▼ t 

27 
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An  examination  of  the  percentages  in  the  above  table  shows  a 
considerable  increase  in  the  number  of  hits  found  in  the  200-flash 
sample  when  compared  v/ith  the  number  found  in  the  100-flash  sample. 
On  the  other  hund , increasing  the  sample  to  250  flashes  from  200 
flashes  brought  about  a relatively  smaller  increase,  so  that  the 
sampling  process  has  approached  the  point  of  diminishing  returns. 

^n  examination  of  the  number  of  sample  fixes  classified  as 
misses  will  afford  some  knowledge  regarding  the  human  uncertainties 
in  the  triangulation  procedures.  The  following  table  gives  this 
information: 


tlisses  as  % flashes 


Date 

tiisses 

in 

sample 

Time 

250 

sample 

200 

sample 

100 

sample 

550 

somi le 

100 

sample 

060730i: 

Jul 

'51 

37 

37 

28 

15^ 

18% 

28% 

061330 

Jul 

•51 

26 

20 

14 

10 

14 

14 

061530 

Jul 

'51 

34 

19 

17 

14 

9 

17 

070630 

Jul 

•51 

44 

22 

13 

18 

11 

13 

071430 

Jul 

•51 

34 

30 

15 

14 

15 

15 

091130 

Jul 

•51 

26 

31 

16 

10 

16 

16 

111330 

Jul 

•51 

44 

41 

14 

18 

20 

14 

200030 

Jul 

’ 51 

27 

18 

9 

11 

9 

9 

200630 

Jul 

•51 

56 

50 

17 

22 

25 

17 

201830 

Jul 

•51 

17 

12 

6 

7 

6 

6 

Total 

345 

288 

149 

14^ 

14% 

15% 

On  a percentage  basis,  ap'p.roximntely  14;j  of  sample  fixes  are 
plotted  with  errors  of  the  order  of  30  nautical  miles. 

The  preliminary  information  and  tabulations,  above,  do  not  in 
themselves  insure  the  adequacy  or  inadequacy  of  samples  under  inves- 
tigation. The  decision  as  to  adequacy  should  be  governed  solely  by 
the  number  of  fixes  derived  from  the  complete  analysis  which  were 
coincident  with  or  bordered  on  sample  fixes;  that  is,  a measure  of 
detection.  The  follov/ing  table  presents  the  results  of  this  partic- 
ular count: 


28 


rotal 


otal 


COMPLETE 

cot 

AN 

1 

DE' 

ANALYSIS 

BY 

FIXES 

HITS 

COMPLITC 
ANALYSIS 

Fixes  NOT  oerecTeD  not 
oeTecTeoiY  by  oeTecTED 
UMfte  I SAMFLE  BY  SAMPLE 


060730i. 

Jul 

' 51 

061330 

Jul 

'51 

061530 

Jul 

'51 

070630 

Jul 

'51 

071430 

Jul 

'51 

091130 

Jul 

'51 

111330 

Jul 

'51 

200030 

Jul 

'51 

200630 

Jul 

'51 

201630 

Jul 

'51 

250- FLASH  SAILLE 


1,079  1,501 


200-FLaSH  SAiilJi 


55‘/i 

45% 

63 

37 

65 

35 

63 

1 

37 

68 

32 

69 

31 

64 

36 

59 

41 

44 

56 

60 

40 

605o  40;i 


Jul 

' 51 

272 

82 

116 

156 

43% 

57% 

Jul 

'51 

215 

80 

117 

98 

54 

46 

Jul 

'51 

191 

54 

108 

83 

56 

44 

Jul 

'51 

262 

69 

141 

121 

54 

46 

Jul 

'51 

234 

95 

146 

88 

62 

38 

Jul 

'51 

153 

77 

98 

55 

64 

36 

Jul 

'51 

212 

98 

134 

78 

63 

37 

Jul 

'51 

368 

115 

204 

164 

56 

45 

Jul 

'51 

257 

77 

108 

149 

42 

58 

Jul 

'51 

326 

86 

17  5 

151 

54 

46 

2,490 

833 

1,347 

1,143 

54% 

46% 
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DATE 

TIME 

COMPLETE 

ANALYSIS 

FIXES 

HITS 

COMPLETE 
ANALYSIS 
FIXES 
DETECTED 
•Y  SAMPLE 
HITS 

COMPLETE 
ANALYSIS 
FIXES  NOT 

detected  »Y 

SAMPLE 

PERCENT 

ANALYSI 

DETECTED 

BY 

SAMPLE 

COMPLETE 
S FIXES 

NOT 

DETECTED 
BY  SAMPLE 

100 -FLASH  SA13LE 

060730^ 

Jul 

’51 

272 

50 

93 

179 

34% 

66% 

061330 

Jul 

•51 

215 

40 

80 

135 

37 

63 

061530 

Jul 

•51 

191 

49 

88 

103 

46 

54 

070630 

Jul 

’51 

262 

25 

76 

186 

29 

71 

071430 

Jul 

'51 

234 

37 

113 

121 

48 

52 

091130 

Jul 

'51 

153 

49 

85 

68 

54 

44 

111330 

Jul 

•51 

212 

57 

97 

115 

46 

54 

200030 

Jul 

•51 

368 

74 

164 

204 

45 

55 

200630 

Jul 

'51 

257 

40 

70 

187 

27 

73 

201830L 

Jul 

•51 

326 

41 

134 

192 

41 

59 

Total 

2,490 

482 

1,000 

1,490 

40% 

60% 

Mhen  setting  up  the  sampling  study.  It  was  assumed  that  a 60^ 
detection  of  the  complete  analysis  flies  could  be  considered  as  a 
proper  measure  of  adequacy  of  a sample.  Taking  this  Into  consideration, 
It  is  noted  that,  as  a group,  the  100-flash  and  the  200-flesh  sam- 
ples do  not  meet  the  standard  of  adequacy.  This  is  particularly  true 
of  the  100-flash  sample.  The  250-flash  sample  fails  to  meet  the 
standard  of  adequacy  in  only  three  of  the  ten  runs;  namely,  55^  for 
060730Z,  5956  for  200030Z,  and  44%  for  200630Z.  The  relatively  low 
detection  in  the  first  two  oases  (55%  and  59%)  probably  stems  from  the 
fact  that  the  250-flash  sample  in  these  instances  represented  only  20 
and  21%  respectively  of  the  total  population.  The  low  detection  for 
the  200630Z  nm  (44%),  when  analyzed  from  all  points  of  view,  seems 
to  be  due  to  poor  Judgment  in  selecting  the  flashes  to  be  included 
in  the  sample.  In  other  words,  a sample  cannot  be  better  than  the 
poorest  Judgment  used  in  its  selection. 

The  same  data  as  in  the  last  table  were  reorganized  on  an 
areal  basis,  and  the  following  table  gives  these  results: 
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Longitude 

% Diatri- 
button. 

Complete 

aruiljraia 

Sample 

hits 

Complete 

snalyaia 

Complete 

snslyais 

Perfect  coiq^lete 
analrsis  fixes 

complete 

Anjtlyaia 

ftxea 

fixe  a 

fixes  de- 
tected by 
sample  hits 

fixes  not 
detected 
br  sample 

Detected 

bj 

ssjBple 

Not  De- 
tected by 
sample 

250-FLASH  SAm*B 

> 105 

1^ 

20 

5 

0 

12 

40^ 

60% 

105- 

100 

3 

73 

23 

26 

47 

36 

64 

100- 

95 

9 

214 

114 

134 

80 

63 

37 

95- 

90 

13 

336 

162 

224 

112 

67 

33 

90- 

85 

14 

339 

157 

219 

120 

65 

35 

85- 

80 

16 

399 

172 

258 

141 

65 

35 

80- 

75 

19 

475 

210 

296 

179 

62 

38 

75- 

70 

9 

234 

93 

126 

108 

54 

46 

70- 

65 

8 

211 

79 

116 

95 

55 

45 

65- 

60 

5 

136 

50 

75 

61 

55 

45 

60- 

55 

1 

27 

8 

8 

19 

30 

70 

55- 

50 

1 

24 

6 

11 

13 

46 

54 

50- 

45 

1 

2 

0 

0 

2 

0 

100 

Total 

looj; 

2,490 

1,079 

1,501 

989 

60% 

40^ 

200-FLASH  SAIZFLE 

> 105 

1^ 

20 

1 

1 

19 

5% 

95^ 

105- 

100 

3 

73 

11 

16 

57 

22 

78 

100- 

95 

9 

214 

70 

90 

124 

42 

58 
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Longitude 

% Distri- 
bution, 
complete 
analysis 
fixes 

Complete 

analysis 

fixes 

Sample 

hits 

Complete 
analysis 
fixes  de- 
tected by 
sample  hits 

Complete 
analysis 
fixes  not 
detected 
by  sample 

Perfect  complete 
analysis  fixes 
Detected  Not  de- 
by  tected  by 

sample  sample 

95-  90 

13 

336 

121 

206 

130 

61 

39 

90-  85 

14 

339 

112 

184 

155 

54 

46 

85-  80 

16 

399 

159 

262 

137 

66 

34 

80-  7 5 

19 

475 

165 

280 

195 

59 

41 

75-  70 

9 

234 

81 

111 

123 

47 

53 

70-  65 

8 

211 

68 

114 

97 

54 

46 

65-  60 

5 

136 

31 

65 

71 

48 

52 

60-  55 

1 

27 

8 

9 

18 

33 

67 

55-  50 

1 

24 

6 

9 

15 

27 

63 

50-  45 

1 

2 

0 

0 

2 

0 

100 

Total 

100>i 

2,490 

833 

1,347 

1,143 

54-;o 

4 6W 

100-FLASH  SAiliLH 

>-105 

20 

1 

1 

19 

5/« 

95;^ 

105-  100 

3 

73 

6 

6 

67 

8 

92 

100-  95 

9 

214 

37 

76 

138 

36 

64 

95-  90 

13 

336 

73 

144 

192 

43 

57 

90-  85 

14 

339 

55 

150 

189 

44 

56 

85-  80 

16 

399 

80 

191 

208 

48 

52 

80-  75 

19 

47  5 

110 

205 

270 

43 

57 

32 
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Longitude 

% Distri- 
bution, 
complete 
analysis 
fixes 

Complete 

analysis 

fixes 

Sample 

hits 

Complete 

analyst  s 
fixes  de- 
tected by 
sample  hits 

Complete 
analysis 
fixes  not 
detected 
by  sample 

Perfect 

analysis 

Detected 

by 

sample 

complete 
fixes 
Not  de- 
tected by 
sample 

75-  70 

9 

234 

39 

77 

157 

33 

67 

70-  65 

8 

211 

40 

75 

136 

36 

64 

65-  60 

5 

136 

30 

59 

77 

43 

57 

60-  55 

1 

27 

6 

9 

18 

33 

67 

55-  50 

1 

24 

5 

7 

17 

29 

71 

50-  45 

1 

2 

0 

0 

1 

0 

0 

Total 

100>o 

2,490 

462 

1,000 

1,490 

405^ 

60^ 

The  above  table  demonstrates  clearly  the  Inverse  relationship 
which  exists  between  detection  by  the  sample  and  distance  from  the 
center  of  the  sferics  net.  This  is  due  primarily  to  human  plotting 
errors  within  elongated  error  triangles  which  result  wlien  baseline 
length  becomes  small  with  respect  to  distance  between  source  and  the 
center  of  the  net.  The  relatively  poor  percentage  detection  by  the 
sample  at  great  distances  may  also  be  due  in  part  to  the  reluctance 
of  observers  to  choose  the  smaller  flashes  in  place  of  the  larger  and 
more  well-defined  flashes. 


The  following  table  shows  the  percentage  increase  in  detection 
from  one  sample  to  another: 


Longitude 

Complete 

Analysis 

Fixes 

I orcentage 

Increase  in 

Detected 

by 

Detection 

250 

200 

100 

250  over 

200 

over 

sample 

sample 

sample 

200  sample 

100 

sample 

^105 

8 

1 

1 

+700^/^ 

+ 

O'/0 

105-100 

26 

16 

6 

62 

167 

100-  95 

134 

90 

76 

49 

18 

95-  80 

224 

206 

144 

9 

43 

90-  85 

219 

184 

150 

19 

23 

85-  80 

258 

262 

191 

- 2 

37 

80-  7 5 
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The  raising  of  the  100-flash  seuaple  to  200  flashes  brought 
about  a substantial  Increase  (35^)  In  the  percentage  detection.  On 
the  other  hand,  raising  the  sample  from  200  flashes  brought  about 
only  an  115(  Increase  where  a proportionate  extrapolation  would  call 
for  an  Increase  of  17.5^.  A point  of  diminishing  returns  has  been 
reached  where  Increasing  the  sample  to  300  flashes  would  yield  a 
percentage  Increase  which  approaches  negligibility.  In  other  words, 
the  percentage  Increase  would  not  Justify  the  further  expenditure 
of  time  for  processing  the  data. 

3.  Conclusions 


lercentages  representing  the  proportion  of  complete  analysis 
fixes  detected  by  sample  fixes  show  that  the  sample  based  on  the 
selection  of  250  flashes  meets  generally  the  60^  requirement  on 
both  a time  and  areal  basis.  Further,  the  time  necessary  to  process 
250  flashes  Is  approximately  two  and  one-half  hours  which  Is  well 
within  the  operational  limitations  prescribed. 

An  examination  of  percentage  detection  versus  size  of  seunple 
loads  to  the  conclusion  that  the  raising  of  the  250-flash  sample  to 
one  composed  of  300  flashes  would  not,  In  all  probability,  tend  to 
bring  about  a comparable  Increase  In  the  number  of  complete  anal- 
ysis fixes  detected  by  the  sampling  method.  Further,  the  Increase 
to  300  flashes  would  bring  the  processing  time  to  approximately  three 
hours  which  Is  the  operational  limit  If  runs  are  to  bo  made  every 
three  hours.  The  safety  factor  of  one-half  hour  which  the  250-flash 
sample  affords  far  outweighs  the  essentially  negligible  percentage 
detection  Increase  which  Is  offered  by  the  300-flash  sample. 

An  evaluation  of  results  obtained  from  samples,  purposive  In 
character,  should  take  Into  consideration  the  ability  of  the  person 
selecting  the  sample.  A purposive  sample  cannot  be  better  than  the 
poorest  Judgement  used  In  Its  selection.  A case  In  point  Is  the  run 
for  200630Z  July  1951  with  a 44%  detection.  Poor  Judg  ment  may 
readily  account  for  this  relatively  low  percentage  detection  by  the 
250-flash  sample. 


PART  VI 


DIRECT  ASSOCIATION  OF  SFERICS  AND  ^ THUNDERSTORMS  UTILIZING 

250-FLASH  SAl^gLE 


1.  Introduction 

Part  III,  above,  dealt  with  a direct  association  of  sf erics  and 
thunderstorms  utilizing  the  complete  flash  analysis.  Since  the  lat- 
ter analysis  Is  not  operationally  feasible  from  a time-consuming 
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aspect,  lart  V,  above,  was  Intended  to  show  that  a 250-flash  sample 
is  reasonably  representative  of  the  full  analysis  and  is  within  the 
operational  time  processing  limit.  The  bases  for  the  sample  study 
in  Part  V were  the  ten  runs  previously  discussed  in  some  length  in 
larts  III  and  IV.  It  was  felt  desirable  that  an  independent  check 
be  made  of  the  adequacy  of  the  250-flash  sample. 

For  this  purpose  the  following  five  station  runs  ( 250-f lashes) 
are  included  as  Flguree70  through  89; 


Date  Time 

Date 

Figure 

1230Z 

2 

July 

1951 

70 

1630^ 

2 

July 

1951 

71 

1730Z 

3 

July 

1951 

72 

1130^ 

10 

July 

1951 

73 

1730Z 

10 

July 

1951 

74 

0630Z 

11 

July 

1951 

75 

1730Z 

11 

July 

1951 

76 

I830i. 

14 

July 

1951 

77 

1830^ 

15 

July 

1951 

78 

2130Z 

18 

July 

1951 

79 

1230^ 

19 

July 

1951 

80 

0730Z. 

20 

July 

1951 

81 

0830Z 

20 

July 

1951 

82 

0930i. 

20 

July 

1951 

83 

1030^ 

20 

July 

1951 

84 

1130Z 

20 

July 

1951 

85 

1430Z 

20 

July 

1951 

86 

1530^ 

20 

July 

1951 

87 

19  30Z 

20 

July 

1951 

88 

2030Z 

20 

July 

1951 

89 

2.  Discussion  of  Results 


No  statistical  study  was  undertaken  for  the  twenty  runs  listed 
above.  A visual  inspection  shows  that  the  fixes  derived  from  the 
250-flash  seunple  adequately  detected  all  major  thunderstorm  areas. 
Some  evidence  of  the  fixes  undershooting  the  source  regions  was 
apparent  when  these  regions  were  located  in  the  far  midwest.  No 
area  of  fixes  existed  without  verification  by  a coincident  or  neigh- 
boring area  of  thunderstorms.  Scattered  fixes  not  verified  and 
scattered  thunderstorms  not  detected  were  negligible  in  comparison 
with  the  major  areas. 

The  results  of  the  sampling  study  in  Part  V appear  to  be  well- 
substantiated.  In  other  words,  the  250-flash  sample  appears  adequate 
in  the  light  of  this  independent  check,  particularly  so  since  the 
check  was  made  during  a month  whan  sferlos  activity  is  a maximum. 
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lAHT  VII 

ASSGGLaTION  of  SFi^klCS  All)  bYhOlTIG  iATTERNS  UTILIZIICG 
250-FLASH  SAIO-LE 

1.  Introduction 

AS  a further  check  on  the  adequacy  of  the  250-flash  sample  and 
also  as  a source  of  further  infonnation  on  the  utilization  of  sferics 
data,  the  following  synoptic  aeries  with  associated  sferics  fixes  are 
presented  as  Figures  90  through  158  as  folio-, vs: 

a.  Series  1 

uate-tiiue  Figure  !.'o. 

0030Z  25  Ajril  19  51  90 

0630Z  25  Airil  1951  91 

1230Z  25  Aj  ril  1951  92 

00302,  26  April  1951  93 

0030Z  27  A,  ril  1951  94 

06302  27  April  1951  95 

12302  27  April  1951  90 

b.  Series  II 

00 302  16  I.'ay  1951  97 

12302  16  Hflv  1951  90 

18302  16  l!ay  1951  99 

16302  17  :.<ay  1951  ICO 

C030Z  18  Hay  1951  ICl 

12302  16  Hay  1951  102 

18302  18  Uay  19  51  1C  3 

c.  Series  ill 

12302  4 August  1951  104 

16302  4 Au<-ust  1951  105 

00302  5 August  1951  106 

12302  5 August  1951  107 

18302  5 August  1951  108 

12302  6 ,r*ugust  1951  109 
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d.  Series  17 


Date-time  Figure  No 

0030Z  10  September  1851  110 
0630Z  10  September  1951  111 
1230Z  10  September  1951  112 
1830Z  10  September  1951  113 
0030Z  11  September  1951  114 
0630Z  11  September  1951  115 
1230Z  11  September  1951  116 
1830Z  11  September  1951  117 
0030Z  12  September  1951  118 
0630Z  12  September  1951  119 
1230Z  12  September  1951  120 

e.  Series  7 

0030Z  17  October  1951  121 
0630Z  17  October  1951  122 
1630Z  17  October  1951  123 
0030Z  18  October  1951  124 
1230Z  18  October  1951  125 
0030Z  19  October  1951  126 
1830Z  19  October  1951  127 

f.  Series  71 

0030Z  22  November  1951  128 
1230Z  22  November  1951  129 
1830Z  22  November  1951  130 
0030Z  23  November  1951  131 
0630Z  23  November  1951  132 
1830Z  23  November  1951  133 

g.  Series  7II 

1230Z  3 December  1951  134 
1830Z  3 December  1951  135 
0030Z  4 December  1951  136 
0630Z  4 December  1951  137 
1230Z  4 December  1951  138 
1230Z  5 December  1951  139 

h.  Series  7III 

0030Z  11  January  1952  140 
1830Z  11  January  1952  141 
0030Z  12  January  1952  142 
0630Z  12  January  1952  143 
1230Z  12  January  1952  14A 
1830Z  12  January  1952  146 
0630Z  13  January  1952  146 


37 


AWS  TH  105-102 


Series  II 

Date-time 

Figure  No. 

12302 

1 

February 

1952 

147 

1830Z 

1 

February 

1952 

148 

0030Z 

2 

February 

1952 

149 

0630Z 

2 

February 

1952 

150 

1230Z 

2 

February 

1952 

151 

0030Z 

3 

February 

1952 

152 

0630Z 

3 

February 

1952 

153 

103OZ 

3 

February 

1952 

154 

0030Z 

4 

February 

1952 

155 

1230Z 

4 

February 

1952 

156 

1830Z 

4 

February 

1952 

157 

0030Z 

5 

February 

1952 

158 

Deteiled  diacusaiona  of  each  aeriea  will  be  preaented  in  the 
next  paragraph.  Synoptic  asaociation  charts  for  July  were  discussed 
in  Part  IV,  above.  Charts  for  L!arch  and  June  were  not  prepared. 
Thus,  the  following  discussions  will  cover  the  reicaining  months  of 
the  year.  Predominantly,  then,  these  discussions  will  deal  with  the 
sferics  and  synoptic  association  for  the  fall  and  winter  months  of 
the  year  when  sferics  activity  is  often  considered  negligible  be- 
yond the  tropical  and  sub-tropical  latitudes.  Undoubtedly,  the 
sferics  fixes  derived  from  regions  north  of,  say  E0°N  are  reduced 
in  number  during  the  v/inter  months,  but  when  these  fixes  do  appear 
the  significance  which  may  be  attached  to  then  becomes  great. 

The  fall  and  winter  aeriea  to  be  discussed  were  chosen  essen- 
tially at  random  with  no  knowledge  of  the  distribution  of  sferic 
fixes.  The  results  in  every  instance  are  not  greatly  favorable  to 
sferics  as  aids  in  synoptic  analysis  and  forecasting  in  the  absence 
of  other  data,  but  a forecaster  armed  with  (1)  knowledge  of  the 
synoptic  climatology  of  the  region,  (2)  continuity  of  sferics  data, 
and  (3)  an  understanding  of  the  conditions  necessary  for  thunder- 
storm production  can  utilize  the  sferics  information  to  great  advan- 
tage . 


2.  Discussion  of  Individual  Synoptic  Series 

a.  Series  I - Figure  90  for  250030Zp  April  1951  shows  a sparse 
band  of  fixes  bracketing  the  quasi-stationary  front  oriented  E-W 
through  the  Midwest.  From  previous  discussions  in  Part  IV,  wave 
formation  should  be  expected  in  this  region,  as  was  borne  out  by 
subsequent  analyses.  From  the  orientation  of  the  fixes  (E-W),  one 
would  expect  the  flow  pattern  aloft  to  be  of  the  high  index  type  and, 
thus,  when  the  wave  forms,  it  should  move  eastward  rapidly,  all  of 
which  was  borne  out  by  subsequent  analyses.  A widespread  area  of 
fixes  in  the  Caribbean  is  indicative  of  easterly  wave  activity  in 
that  region. 
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Figure  91  for  2506301.  April  1951  shows  the  band  of  fixes  in  the 
Llidwest  bracketing  the  incipient  wave.  Fixes  in  the  Caribbean  are 
again  associated  with  easterly  waves. 

Figure  92  for  2512302i  April  1951  shows  the  vrave  in  the  Midwest 
developed  almost  to  the  stage  of  a closed  low  center.  The  sferics 
activity  in  association  has  diminished  due  in  part  to  the  diurnal 
variation  in  such  activity.  The  Caribbean  fixes  persist. 

Figure  93  for  260630Z  April  1951  shows  the  large  displacement 
of  the  wave  during  the  last  eighteen  hours  in  accordance  with  the 
high  index  pattern  aloft.  Only  slight  deepening  has  taken  plaos  and 
no  fixes  are  associated  with  the  closed  low  canter.  The  small  cluster 
of  fixes  behind  the  trailing  cold  front  is  indicative  of  Instability 
thunderstorms  in  the  cold  air  sector.  The  band  of  fixes,  oriented 
NE-SW,  in  the  Louisiana  region  would  be  indicative  of  pre-cold  frontal 
squall  line  activity.  The  widespread  area  of  fixes  in  the  Caribbean 
is  still  associated  with  easterly  waves  on  the  back  side  of  the  Atlan- 
tic high. 

Figure  94  for  E70030Z  April  1951  shows  a dense  block  of  fixes 
on  the  east  coast  which  might  be  interpreted  as  cyclogenesis  in  this 
region  of  the  pressure  col  following  in  the  wake  of  the  wave  now 
located  off  Nova  Scotia.  An  insignificant  ripple  did  develop  on  sub- 
sequent maps.  A more  interesting  feature  of  this  chart  is  the  band 
of  fixes,  oriented  NW-SE,  in  the  Far  llidwest.  This  orientation  is 
suggestive  of  warm  frontal  activity  and  possibly,  then,  of  the  occur- 
rence of  another  wave  as  number  two  in  a series. 

Figure  95  for  270630Z  April  1951  shows  a widespread  band  of  fixes 
in  the  llidwest.  The  orientation  has  shifted  from  the  preceding  map 
to  one  with  a NE-SW  line.  This  would  probably  be  confusing  to  an 
analyst  since  the  orientation  now  would  be  sxiggestive  of  cold  frontal 
activity.  The  exact  nature  of  the  disturbance  and  the  exact  place- 
ment of  the  frontal  system  would  probably  not  be  clear  in  this  in- 
stance, One  thing  should  be  certain,  however,  and  that  is  the 
changing  of  the  zonal  pattern  to  one  with  more  meridional  flow  within 
this  region. 

Figure  96  for  271230Z  April  1951  shows  a block  of  fixes  in  the 
Midwest  which  would  aid  the  forecaster  in  reaching  a decision  on  the 
nature  of  the  disturbance.  Cyclonic  activity  would  be  indicated,  and 
a wave  should  be  placed  in  this  region.  The  occurrence  of  small  clus- 
ters of  fixes  to  the  north  and  south  of  the  main  area  would  substan- 
tiate the  shift  to  a more  meridional  flow.  It  must  be  remembered, 
in  this  instance,  that  the  sferics  activity  is  reduced  due  to  diurnal 
effects.  More  significance  may  thus  be  placed  on  the  smaller  clusters. 

b.  Series  II 

Figure  97  for  160030Z  May  1951  shows  a band  of  fixes  with  a 
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NNE-SSW  orientation  in  the  Midwest.  This  band  would  be  suggestive 
of  (l)  squall  line  activity  and  (2)  strong  meridional  low  level  cir- 
culation in  this  region.  The  fixes  along  the  Gulf  Coast  and  in  Mex- 
ico would  be  further  indication  of  e strong  southerly  flow  of  warm, 
moist  air  receiving  orographic  lift.  The  cold  front  and  shear  line, 
which  extends  from  the  low  north  of  Haiti  to  the  Yucatan,  is  brack- 
eted by  sferios  fixes  primarily  near  land  masses.  This  would  in- 
dicate that  the  air  is  conveotively  unstable,  and  sufficient  lift 
to  produce  thunderstorm  activity,  is  only  obtained  with  orographic 
lift. 


Figure  98  for  161230Z  May  1951  shows  diminished  activity  in 
the  Midwest  due  to  (1)  dissipation  of  the  squall  line  and  (2)  diurnal 
effects.  A small  block  of  fixes  off  the  Carolina-Georgia  coasts 
appearing  at  this  time  of  day  (0730  local)  and  with  no  past  history 
might  serve  as  a warning  of  cyclogenesis  in  this  region.  The  loose 
band  of  fixes  in  the  Caribbean  is  still  in  association  with  the  shear 
line  and  a pronouncad  700nb  trough. 

Figure  99  for  161830Z  May  1951  shows  somewhat  increased  activity 
in  the  Far  Midwest  in  the  form  of  an  E-W  band  which  would  suggest 
that  a quasi-stationary  front  is  coincident  with  and  parallel  to  this 
band  with  cyclogenesis  taking  place.  The  frontal  pattern,  in  this 
instance,  is  diffuse,  and  the  orientation  of  the  quasi-stationary 
front  is  askew  in  relation  to  the  position  indicated  by  the  sferics 
band.  A wave  did  develop  on  subsequent  maps  but  somewhat  to  the  north 
of  the  band  and  with  questionable  relationship  to  this  band.  The 
small  block  of  fixes  off  the  Carolina-Georgia  coasts  is  still  evi- 
dent on  this  chart  and  should  particularly  indicate  cyclogenetic  proc- 
esses in  view  of  the  time  of  day  (1330  local)  and  the  water  locale. 
Shear  lines  account  for  the  Caribbean  fixes. 

Figure  100  for  171830Z  May  1951  represents  a 24-hour  lapse  in 
time  from  the  preceding  map.  The  dense  band  of  fixes  south  of  the 
Great  Lakes  is  oriented  parallel  to  and  coincident  with  an  E-W  quasi- 
stationary  front  through  this  region.  The  orientation  and  character 
of  this  band  would,  according  to  previous  experience,  indicate  cyclo- 
genesis, which  materialized  in  the  form  of  a wave  on  subsequent  maps. 
The  sferics  activity  in  the  Far  Midwest  has  dissipated  to  a large 
extent,  and  the  frontal  pattern  is  weak  and  diffuse.  The  cyclogen- 
esis which  was  indicated  on  the  last  map  in  the  region  off  the  south- 
east coast  has  produced  an  intense  closed  low  center  with  a block  of 
fixes  in  attendance.  Shear  lines  account  for  the  fixes  in  the  Carib- 
bean area. 

Figure  101  for  180030Z  May  1951  shov/s  decreased  activity  south 
of  the  Great  Lakes  with  wave  formation  being  indicated  by  a slight 
cyclonic  curvature  of  the  isobars  in  this  region.  A loose  band  of 
fixes  in  the  Far  Midwest  bracket  an  E-W  incipient  wave.  A scatter 
of  fixes  south  of  this  region  are  associated  with  a dissipating  dis- 
continuity. The  closed  low  off  the  SE  coast  has  moved  slightly 
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southward  during  the  past  six  hours,  and  a block  of  fixes  lies  in 
the  SE  quadrant.  A smaller  block  of  fixes  appeared  for  the  first 
time  to  the  NE  of  this  region.  This  new  activity  would  be  indicative 
of  a secondary  center  of  oyclogenesis  which  is  present,  according  to 
the  analysis,  somewhat  NE  of  the  sferics  fixes.  The  pattern  of 
sferios  in  the  Caribbean  area  remains  essentially  the  same  as  in  the 
last  instance. 

Figure  102  for  181230Z  May  1951  shows  a diffuse  wave  in  the  Far 
Midwest  with  no  sferics  fixes  in  attendance.  The  lack  of  sferios  is 
due,  in  part,  to  diurnal  effects.  The  low  center  off  the  SE  coast 
has  persisted  with  a block  of  fixes  coincident.  The  secondary  low 
has  deepened  and  moved  northward  with  a block  of  fixes  located  in 
the  N'W  quadrant.  Waves  appear  to  be  forming  (l)  on  the  E-W  quasi- 
stationary  frontal  system  west  of  the  lew  center  and  (2)  at  the 
point  where  the  low  center  is  merging  with  the  quasi-stationary 
front.  An  interesting  feature  of  this  map  it  the  appearance  of  a 
third  block  of  fixes  to  the  SSE  of  Bermuda  indicating  that  this  might 
be  a third  low  center  following  in  the  wake  of  the  secondary  center. 
Shear  lines  account  for  fixes  in  the  Caribbean  area. 

Figure  103  for  181830Z  May  1951  shows  clusters  of  fixes  appearing 
in  the  Far  Midwest  in  association  with  the  weak  frontal  system  in 
this  region.  A block  of  fixes  is  still  coincident  with  the  low  cen- 
ter off  the  SE  coast.  The  secondary  low  center  has  moved  slowly  east- 
ward during  the  last  six  hours  and  a small  block  of  fixes  appears  in 
the  N quadrant.  An  even  smaller  block  of  fixes  is  associated  with  a 
minor  wave  on  the  quasi-stationary  front  south  of  the  Great  Lakes. 

The  block  of  fixes  SE  of  Bermuda  has  persisted  and  become  larger  in 
extent.  Although  the  analysis  does  not  show  a third  low  center  in 
this  region,  the  sparseness  of  the  synoptic  data  might  have  caused 
the  analyst  to  miss  this  tertiary  cyclogenesis.  The  pattern  of  fixes 
in  the  Caribbean  remains  essentially  the  same. 

c.  Series  III 

Figure  104  for  041230^  August  1951  shows  a band  of  fixes  along 
the  east  coast.  This  band  is  essentially  parallel  to  and  lies  in 
advance  of  a cold  front  in  this  region.  A series  of  loose  bands  in 
the  Caribbean  are  coincident  with  easterly  waves.  No  fixes  are  pres- 
ent around  hurricane  "Baker"  located  just  east  of  Bermuda  nor  are 
reports  of  thunderstorms  evident.  Except  in  the  initial  stages, 
little,  if  any,  thunderstorm  activity  closely  attends  hurricane  ac- 
tivity. The  NE-SW  orientation  of  the  band  of  fixes  off  the  east 
coast  would  suggest  a fairly  strong  westerly  trough  and  low  index 
pattern  aloft  which  is  borne  out  on  the  700mb  map. 

Figure  105  for  041830Z  August  1951  shows  the  band  of  fixes 
along  the  east  coast  becoming  diffuse  in  the  northern  sector  and  re- 
orienting itself  on  an  E-¥  plane  in  the  southern  portion.  The  cold 
front  has  become  quasi-stationary  in  the  southern  portion,  and  the 
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band  of  fixes  lies  in  advance  of  and  parallel  to  this  portion  of  the 
front.  Future  wave  formation  should  bo  forecast  and  would  verify  on 
subsequent  maps.  Because  of  the  more  zonal  orientation  of  the  band 
of  fixes,  the  pattern  aloft  in  this  region  may  be  deduced  as  becoming 
more  zonal  in  relation  to  the  preceding  case.  Sforlcs  activity  in 
the  Caribbean  area  has  diminished  indicating  a weakening  of  easterly 
wave  activity. 

Figure  106  for  050030Z  August  1951  shows  a merging  of  the  band 
of  fixes  in  the  SB  with  easterly  wave  activity.  The  most  Important 
part  of  this  map  is  the  first  appearance  of  a loose  NW-SE  band  of 
fixes  in  the  Far  Uidwest  which  would  suggest  to  the  analyst  the  pres- 
ence of  warm  frontal  activity  to  the  southwest  of  the  fixes. 

Figure  107  for  051230Z  shows  a strengthening  of  the  NW-SE  band 
of  fixes  in  the  Far  Uidwest,  which  fact  would  further  substantiate 
the  presence  of  warm  frontal  activity  in  this  region.  A small  wave 
has  developed  on  the  quasi- stationary  front  off  the  SE  United  States, 
with  a small  band  of  fixes  still  bracketing  this  frontal  region. 
Easterly  wave  activity  still  accounts  for  bands  of  fixes  in  the  Car- 
ibbean area. 

Figure  108  for  051630Z  August  1951  exhibits  considerably  de- 
creased sferlcs  activity  associated  with  the  warm  front  in  the  Far 
Midwest.  The  quasl-statlonary  front  in  the  SE  United  States  is  still 
bracketed  by  a sferlcs  band  which  appears  to  merge  with  easterly  wave 
activity  which  extends  from  Florida  to  the  Yucatan. 

Figure  109  for  061230Z  August  1951  shows  a block  of  fixes  SW  of 
Lake  Michigan  and  in  a region  of  warm  f rontogenesis.  The  decreased 
sferlcs  activity  in  the  SE  United  States  agrees  well  with  the  dissi- 
pating frontal  action  in  this  region.  Easterly  waves  in  the  Caribbean 
might  well  have  been  placed  more  accurately  through  utilization  of  the 
sferlcs  data. 

d.  Series  IV 

Figure  110  for  100030Z  September  1951  shows  a widespread  band 
of  fixes  oriented  diffusely  E-W  throxigh  the  south  Midwest.  As  first 
in  a series  with  no  past  history,  this  band  of  fixes  might  be  diffi- 
cult to  Interpret.  In  reality,  the  fixes  are  caused  by  cold  frontal, 
warm  frontal,  and  squall-line  actiirity  all  merged  into  one  mass. 
Although  the  exact  nature  of  the  causal  frontal  pattern  may  not  easily 
be  deduced  in  this  instance  until  a continuity  is  established,  the 
nature  of  the  band  and  its  orientation  do  suggest  a relatively  zonal 
flow  aloft  which  is  evident  on  the  700mb  chart.  A rhythmic  series 
of  easterly  waves,  36-48  hours  apart,  characterize  the  Caribbean  area 
throughout  this  September  synoptic  series.  Clusters  of  fixes  locate 
the  positions  of  the  easterly  waves  reasonably  well  on  the  map  under 
discussion.  These  easterly  waves  are  denoted  by  "Ei " , "Eg",  "E3" , 
and  "E4".  Subsequent  easterly  waves  developing  within  the  scope  of 
the  map  will  be  numbered  in  sequence.  Hurricanes  "Easy**  and  "Fox" 
in  the  Atlantic  remain  undetected  by  sferlcs  fixes,  since  little  or 
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no  thunderstorm  activity  accompanies  well-developed  hurricanes. 

Figure  111  for  100630Z  September  1951  shows  a distinct  KMF-¥S* 
band  of  fixes  In  the  south  Uldwest  where  a diffuse,  widespread  band 
existed  on  the  previous  map.  There  should  be  no  doubt  In  this  case 
that  this  band  Is  the  result  of  cold  frontal  and  squall-line  activity 
In  this  region.  Also,  since  the  slope  of  the  band  with  respect  to 
the  E-W  plane  Is  not  great,  a relatively  zonal  flow  aloft  may  be 
deduced,  and  consequently  the  speed  of  movement  of  this  squall-line 
should  be  forecast  as  being  relatively  fast.  A scatter  of  fixes 
appears  behind  the  frontal  system  to  the  north  Indicating  Instability 
thunderstorms  within  the  cold  air  sector.  With  the  exception  of  "E4", 
sferlcs  fixes  In  the  Caribbean  are  grouped  so  as  to  delineate  the 
easterly  waves,  and  perhaps  to  a more  accurate  degree  than  is  afforded 
by  the  analysis  derived  from  the  sparse  synoptic  data  In  that  region. 
One  fix  appears  In  the  SE  quadrant  of  Hurricane  "Fox**  located  off  the 
coast  of  Newfoundland;  and  several  fixes  appear  In  the  SE  quadrant 
of  Hurricane  "Easy" . 

Figure  112  for  101230Z  September  1951  shows  a substantial  dis- 
placement of  the  band  of  fixes  in  the  south  Midwest  during  the  past 
six  hours.  The  band  brackets  the  squall  line,  while  no  sferlcs  activ- 
ity Is  associated  directly  with  the  surface  cold  front  which  appears 
to  be  dissipating.  The  band  of  fixes  coincident  with  "Eq"  , merges 
with  the  squall  line  activity  on  the  Gulf  Coast.  "E3"  Is  more  active 
from  a sferlcs  standpoint  than  "E2",  and  "E4"  has  no  sferlcs  fixes 
in  attendance.  Two  fixes  appear  to  the  north  of  Hurricane  "Easy". 

Figure  113  for  101830Z  September  1951  shows,  again,  a large 
displacement  eastward  of  the  squall-line  band  of  fixes  which  tends 
to  merge  with  the  band  associated  with  "Ei"  along  the  Gulf  Coast. 
Perhaps  because  of  the  nearness  of  this  large  and  Intense  area  of 
fixes  to  Robins  and  MacDlll,  sferlcs  data  from  other  areas  were 
blanked  out  at  these  stations.  At  least,  little  sferlcs  data  Is 
associated  with  easterly  waves  "Eg"  end  "E3" , where  substantial  num- 
bers of  fixes  existed  previously.  No  sferlcs  data  are  associated  with 
Hurricane  "Easy". 

Figure  114  for  110030Z  September  1951  shows  the  band  of  fixes 
associated  with  the  squall  line  to  be  completely  merged  with  the  fixes 
attending  "Si".  The  squall  line  appears  to  be  dissipating.  Bands  of 
fixes  are  oriented  parallel  to  easterly  waves  "Eg"  and  "E^",  but 
"£4"  remains  undetected.  Clusters  of  fixes  along  the  ITC  Indicate 
the  strong  points  of  the  zone,  while  the  absence  of  fixes  Indicate 
the  weak  portions. 

Figure  115  for  110630Z  September  1951  shows  the  squall-line 
activity  to  be  completely  dissipated.  Also,  "Ej^"  has,  for  all  pur- 
poses, vanished.  "Eg"  has  strengthened  as  Is  evident  from  the  exten- 
sive band  of  fixes  In  attendance.  From  the  location  of  this  band, 

It  appears  that  the  position  of  "Eg"  should  have  been  displaced 
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northward  since  convective  phenomena  normally  follow  easterly  waves 
rather  than  precede  then  in  apace.  "E3"  is  well  bracketed  by  a band 
of  fixes,  but  "E4"  is  undetected.  Clusters  of  fixes  are  present  along 
the  westerly  trough  which  extends  aouthwestward  from  Hurricane  "Easy." 

Figure  116  for  111230Z  September  1951  shows  extensive  bands  of 
fixes  parallel  to  and  coincident  with  "Eg"  and  "E^",  while  "E4" 
remains  undetected.  Little  or  no  sferics  data  have  been  in  assoc- 
iation with  the  latter  easterly  wave,  and  its  existence  might  well 
be  questioned.  The  band  of  fixes  which  has  existed  for  the  past  12 
hours  in  the  Panama  Gulf  may  be  the  result  of  what  this  locality  calls 
the  "Yellow  or  Panamanian  Front".  A very  definite  band  of  fixes 
appears  along  the  westerly  trough  in  the  Atlantic  where  only  small 
clusters  existed  previously. 

Figure  117  for  111830Z  September  1951  shows  somewhat  decreased 
activity  in  association  with  "Eg"  and  "E3",  but  the  banded  structures 
are  still  present  for  identification  purposes  in  the  absence  of  other 
data.  A thin  band  of  fixes  continues  to  outline  the  westerly  trough 
in  the  Atlantic.  The  so-called  Panamanian  Front  appears  to  be  dis- 
sipating. 

Figure  118  for  120030Z  September  1951  shows  "Eg"  and  "E3"  to  be 
•.veil  detected  by  bands  of  sferics  fixes  as  both  progress  in  an  arc 
northward  toward  the  Gulf  Coast.  Decreased  sferics  activity  attend- 
ing the  westerly  trough  in  the  Atlantic  indicates  weakening  of  this 
system.  A new  cluster  of  fixes  appearing  in  the  Midwest  should  be 
looked  upon  as  a forerunner  of  frontal  activity  in  this  region,  the 
exact  nature  of  the  disturbance  being  indistinct  at  this  map  time. 

Figure  119  for  120630Z  September  1951  shows  "Eg"  to  be  dis- 
sipating while  "E3"  remains  well  detected  by  a band  of  fixes.  "E5" 
and  "S5"  have  formed  and  are  reasonably  detected  by  clusters  of 
fixes.  The  Panamanian  Front  has  become  active  again  as  is  evidenced 
by  the  return  of  o block  of  fixes  in  that  region.  Only  a small  clus- 
ter of  fixes  remains  associated  with  the  dissipating  westerly  trough 
in  the  Atlantic.  By  far  the  most  important  sferics  activity  on  this 
chart  is  the  extensive,  widespread  NE-SW  band  which  lies  primarily 
in  advance  of  the  cold  front  in  the  Midwest.  A small  cluster  of 
fixes  on  the  preceding  map  was  the  forerunner  of  this  extensive  ac- 
tivity. The  causal  frontal  pattern  could  not  be  mistaken,  in  this 
instance,  if  only  sferics  data  were  available.  In  addition,  the 
orientation  and  extent  of  this  band  would  clearly  indicate  an  intense 
trough  aloft  as  the  700mb  chart  clearly  shows. 

Figure  120  for  121230Z  September  1951  shows  increased  activity 
along  "Eg"  while  "E3"  has  dissipated.  "E5"  has  merged  with  the  Pana- 
manian Frontal  activity  in  the  Gulf  of  Panama.  There  has  been  a 
certain  rhythmic  cycle  in  the  Panamanian  Gulf  activity.  The  exten- 
sive band  in  the  Midwest  has  moved  eastward  and  remains  essentially 
intact  with  'the  exception  of  a slight  break  in  the  northern  portion. 
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It  is  probable  th*.t  the  separated  block  of  fixes  to  the  north  might 
well  be  associated  with  warm  frontal  overrunning.  In  this  case,  the 
position  of  the  warm  front,  as  analyzed,  is  displaced  too  far  north. 

e.  Series  7 

Figure  121  for  170030Z  October  1951  shows  a predominance 
of  sferics  activity  in  the  lower  latitudes  as  might  be  expected 
during  the  late  fall  and  winter  months.  Much  more  significance  must 
now  be  placed  upon  sferics  fixes  when  they  occur  north  of  approxi- 
mately the  30th  parallel.  For  instance,  during  a summer  month  the 
occurrence  of  only  two  fixes  such  as  over  Lake  Michigan  on  the  pres- 
ent map  would  require  only  a cursory  examination  and  would  be  tenta- 
tively disregarded  as  being  indicative  of  frontal  activity.  In  the 
present  month  of  October,  much  more  attention  must  be  paid  to  these 
Isolated  clusters  of  fixes  in  the  more  northern  latitudes.  Frontal 
activity  must  be  deduced,  although  the  exact  nature  of  the  system 
would  not  easily  be  determined  in  this  instance.  Easterly  wave  ac- 
tivity accounts  for  the  band  in  the  Caribbean  area.  Only  one  fix 
appears  in  the  SK  quadrant  of  the  hurricane  in  the  Atlantic. 

Figure  122  for  170630Z  October  1951  shows  increased  activity  in 
the  Midwest  and  the  localized  nature  of  the  small  cluster  of  fixes 
should  suggest  cyclogenesis  in  this  region.  Isolated  fixes  appear 
in  the  western  portion  of  the  Atlantic  hurricane  and  in  the  southern 
portions  of  the  high  cell  centered  over  Newfoundland.  Easterly  waves 
account  for  bands  of  fixes  in  the  Caribbean  area. 

Figure  123  for  171830Z  October  1951  shows  further  Increases  in 
the  number  of  fixes  in  the  Midwest  which  should  substantiate  to  the 
analyst  the  presence  of  cyclogenetic  processes.  For  the  first  time 
in  this  series  a substantial  cluster  of  fixes  appear  in  the  northern 
portion  of  the  Atlantic  hurricane.  In  the  absence  of  other  data, 
this  would  also  Indicate  cyclogenetic  processes  to  the  analyst. 
Easterly  waves  account  for  the  fix  distribution  in  the  Caribbean  area, 
although  the  analysis  does  not  seem  to  "Jibe"  with  the  sferics  bands. 

Figure  124  for  180030Z  October  1951  shows  no  fixes  associated 
with  the  frontal  system  through  the  Midwest  and  the  discontinuity 
has  thus  become  weak.  An  abundance  of  fixes  appear  in  the  north  and 
east  portions  of  the  Atlantic  hurricane,  and  although  the  analyst 
might  not  deduce  hurricane  activity,  the  persistence  of  this  area  of 
fixes  would  suggest  strong  cyclogenetic  processes.  Easterly  wave 
activity  with  associated  sferics  bands  continue  to  dominate  the  Car- 
ibbean area,  and  again  the  analysis  looks  poor  in  relation  to  the 
positions  of  the  sferics  structures. 

Figure  125  for  181230Z  October  1951  shows  continued  intense 
sferics  activity  ir  a band  from  the  north  to  the  east  portion  of  the 
Atlantic  hurricane.  Much  the  same  conditions  prevail  in  the  Caribbearj 
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area.  The  appearance  of  a small  block  of  fixes  near  40°N  and  50°W 
would  suggest  cyclogenetic  activity  in  this  region. 

Figure  126  for  190030Z  October  1951  shews  only  one  fix  in  the 
northern  portion  of  the  Atlantic  hurricane  and  one  fix  north  of  the 
low  center  east  of  the  hurricane.  The  Caribbean  area  exhibits  essen- 
tially the  same  pattern  as  discussed  previously. 

Figure  127  for  191830Z  October  1951  is  very  similar  to  the  last 
map.  The  Atlantic  hurricane  appears  to  be  dissipating  with  only 
widely  scattered  fixes  in  attendance.  The  absence  of  fijces  over  most 
of  the  U.  S.  area  would  lead  the  analyst  to  believe  that  high  pres- 
sure dominates  this  region,  which  is  reasonably  correct  since  only  a 
week  discontinuity  is  present. 

f.  Series  VI 

Figure  128  for  220030Z  November  1951  shows  a large  widespread 
area  of  fixes  over  northern  South  America  and  the  Caribbean  water  area 
in  association  with  a low  pressure  area  and  the  active  portion  of  the 
ITC  through  this  region.  The  low  pressure  area  persists  throughout 
this  series  and  the  fix  pattern  remains  essentially  the  same;  thus, no 
further  mention  will  be  made  regarding  the  Caribbean  area  in  this 
discussion  of  the  November  series.  The  N2-S.V  band  of  fixes  in  the 
Atlantic  on  the  present  aiap  would  Indicate  cold  frontal  activity,  and 
since  pre-cold  frontal  squall-line  activity  does  not  normally  exist 
after  the  air  has  experienced  a substantial  water  trajectory,  the 
fixes  in  this  instance  should  be  classified  as  instability  thunder- 
stor;..s  within  the  cold  air  sector,  i/ith  this  reasoning,  the  analyst 
wcu2.d  thus  place  the  cold  front  in  advance  of  the  band  of  fixes  and 
parallel  to  this  bend,  in  which  case  he  would  arrive  at  a fairly  exact 
analysis  based  only  upon  sf erics  data.  Also,  for  this  band  of  fixes 
to  appear  on  a November  chart,  a strong  westerly  trough  must  be  present 
aloft  as  is  evident  on  the  correspondirig  7C0mb  chart. 

Figure  129  for  221230Z  November  1951  shows  decreased  sferics  ac- 
tivity in  the  Atlantic  as  the  cold  front  proceeds  eastward  beyond  the 
scope  of  the  map.  Two  fixes  appearing  in  the  llidwest  should  cause  the 
analyst  to  speculate  on  the  cause  of  this  new  activity.  Subsequent 
maps  should  help  him  in  the  deduction  process. 

Figure  130  for  221630Z  November  1951  shows  increased  activity  in 
the  liidv/est  in  the  form  of  a very  loose  band  which  brackets  the  frontal 
system  in  that  region.  Perhaps  with  this  orientation  of  El^S-WSW,  a 
quasi- stationary  frontal  zone  might  be  the  best  analysis  from  a sferics 
standpoint. 

Figure  131  for  230030Z  November  1951  shows  considerably  increased 
activity  in  the  Midwest  with  the  sferics  band  orientation  of  I'ffi-SW 
strongly  suggesting  cold  frontal  activity  in  this  region.  It  is 
interesting  to  note  that  the  largest  portion  of  the  sferics  band  is 
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located  more  to  the  rear  of  the  frontal  system  which  is  perhaps 
typical  of  winter  situations  where  pre-cold  frontal  squall  lines  are 
not  nearly  as  frequent  as  in  summer  situations.  There  is  also  a 
suggestion  of  cyclogenesis  in  the  present  case. 

Figure  132  for  230630Z  November  1951  shows  the  band  of  sferics 
in  the  Midwest  to  be  somewhat  reduced  in  extent  and  with  an  orien- 
tation which  has  shifted  to  an  E-W  plane.  This  would  suggest  quasi- 
stationary frontal  activity  with  cyologenesis  taking  place.  Also, 
the  flow  aloft  would  be  changing  to  one  more  zonal  in  character. 

Figure  133  for  231830Z  November  1951  shows  an  absence  of  fixes 
in  the  Midwest  along  with  a weakening  of  the  system.  The  previously 
deduced  system  should,  of  course,  be  carried  on  this  map  on  a con- 
tinuity basis  and  subsequent  maps  examined  for  the  re-occurrence  of 
sferics  data  to  help  in  determining  the  fate  of  the  system. 

g.  Series  VII 

Figure  134  for  031230Z  December  1951  shows  a large  widespread 
block  of  fixes  in  the  south  Midwest.  This  block  of  fixes  would  be 
difficult  to  Interpret  since  there  appears  to  be  no  preferred  orien- 
tation. V/ith  no  past  history,  the  analyst  should  assume  that  a wave 
is  forming  in  this  region  in  order  to  be  consistent  with  prescribed 
interpretations  of  sferics  configurations.  Subsequent  maps  would 
determine  the  quality  of  his  Judgement.  The  scattered  fixes  in  the 
Atlantic  would  indicate  also  some  cyclonic  activities  at  work.  The 
trough  and  ridge  pattern  aloft  may  easily  be  deduced  with  the  space 
between  two  areas  of  fixes  being  filled  by  a ridge.  In  view  of  the 
wintertime  situation,  the  flow  aloft  may  be  considered  to  be  merid- 
ional in  character  in  order  to  produce  the  thunderstorm  activity. 
Sferics  activity  in  the  Caribbean  is  occasionally  diffuse  in  this 
December  series  and  will  not  be  discussed  in  any  detail. 

Figure  135  for  0318302.  December  1951  shows  that  the  sferics 
activity  in  the  Midwest  has  assumed  a curved  configuration  with  a N-S 
orientation.  A similarly  oriented  extended  cold  front  should  then 
be  deduced  by  the  analyst.  The  sferics  drea  in  the  Atlantic  has  be- 
come only  two  scattered  fixes  indicating  dissipation  of  the  cyclo- 
genetic  processes. 

Figure  136  for  040030Z  December  1951  shows  a small  band  of  fixes 
bracketing  the  cold  front  only  in  the  southern  portion.  From  the 
presence  of  fixes  in  a band  much  farther  north  on  the  previous  map, 
the  actual  frontal  structure  in  the  present  instance  should  be  carried 
on  a continuity  basis  from  the  preceding  deduction.  Scattered  fixes 
appear  in  advance  of  and  behind  the  cold  front. 

Figure  137  for  040630Z  December  1951  shows  only  scattered  fixes 
in  advance  of  the  southern  portion  of  the  cold  front  through  the 
Midwest.  The  front  may  be  extrapolated  from  past  measurements  of 
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movement  with  a fair  degree  of  accuracy.  Weakening  of  the  disconti- 
nuity would  certainly  be  implied  by  the  lack  of  sferics  data  in  attend- 
ance. A widespread  cluster  of  fixes  appears  in  the  Atlantic  behind 
the  low  center  which  has  moved  beyond  the  scope  of  the  map.  These 
may  be  difficult  to  interpret  but  the  scatter  v/ould  probably  be  a 
good  indication  of  cold  sector  instability. 

figure  138  for  0412302  December  1951  shows  again,  only  scattered 
fixes  in  advance  of  the  southern  portion  of  the  cold  front.  Extrapo- 
lation from  previous  maps  would  need  to  be  relied  upon  to  some  extent 
for  the  placement  of  the  front.  L!uch  valuable  information  could  be 
gained  throughout  this  December  series  by  the  absence  of  sferics 
fixes  over  most  of  the  Caribbean  and  Gulf  areas. 

Figure  139  for  0512302  December  1951  represents  a 24-hour  lapse 
in  time  from  the  previous  map.  A dense  block  of  fixes  brackets  a por- 
tion of  the  quasi-stationery  front  through  the  southeast  United  States. 
Continuity  in  sferics  utilization  work  is  just  as  important  as  in 
normal  synoptic  analysis,  and  it  is  particularly  important  during  win- 
tertime situations.  The  present  sferics  block,  by  itself,  would  mean 
little  even  to  an  experienced  user  of  sferics  data.  As  a unit,  sep- 
arated in  time  with  other  sferics  maps,  only  the  fact  that  a quasi- 
stationary front  exhibiting  cyclogenetic  activity  and  passing  through 
the  center  of  the  block  of  fixes  would  be  evident.  Subsequent  maps 
would  undoubtedly  provide  information  from  which  the  remainder  of  the 
synoptic  situation  might  be  deduced.  For  instance,  from  Figure  134, 
above,  the  exact  nature  of  the  frontal  system  was  not  readily  evident, 
but  from  Figure  135  (six  hours  later)  the  orientation  of  the  sferics 
band  clearly  suggested  the  existence  of  an  extensive  cold  front. 

h.  Series  VIII 

Figure  140  for  1100302  January  1952  would  present  the  analyst 
with  no  sferics  data  north  of  the  20th  parallel,  and  thus  no  firm 
basis  for  deductions  regarding  the  overall  synoptic  situation.  The 
Caribbean  area  throughout  this  January  series  is  characterized,  as  in 
the  December  series,  by  rather  diffuse  sferics  activity  occurring  pri- 
marily over  the  land  areas  ana  in  convcctively  unstable  air  receiving 
orographic  lift.  No  organized  pattern  of  sferics  fixes  exists,  thus 
indicating  the  absence  of  easterly  wave  activity  in  the  Caribbean  area. 

Figure  141  for  1118302  January  1952  shows  a N-S  loose  band  of 
fixes  in  the  Atlantic  which,  from  previous  sferics  and  synoptic  clim- 
atology, would  indicate  instability  thunderstorms  within  the  cold  air 
sector  of  an  extensive  cold  front.  In  addition,  future  wave  formation 
would  be  suggested,  which  was  borne  out  on  subsequent  maps.  Whereas 
on  the  previous  map  no  sferics  data  were  present  in  the  northern  lat- 
itudes and  thus  little  could  be  deduced  concerning  the  overall  syn- 
optic pattern,  the  sudden  appearance  of  a band  in  the  Atlantic  places 
the  trough  for  the  analyst  and  consequently  the  ridge  to  the  rear. 

The  two  isolated  fixes  in  the  high  cell  over  eastern  United  States 
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would  b«  difficult  to  Interpret  without  other  data,  but  fixes  In 
such  positions  have  been  verified,  at  least  during  summer  situations, 
by  actual  reports  of  thunderstorms  well  within  the  confines  of  a high 
cell. 


Figure  142  for  120030Z  January  1952  shows  the  now  NE-SW  loose 
band  of  flies  In  the  Atlantic  displaced  only  slightly  northward  from 
Its  position  six  hours  previous.  This  band  would  further  substant- 
iate the  previous  deduction  of  Instability  activity  within  the  cold 
air  sector.  As  has  been  mentioned  previously,  pre-cold  frontal  squall 
line  activity  is  essentially  non-existent  over  water  areas. 

Figure  143  for  120630Z  January  1952  shows  only  one  fix  In  the 
area  In  the  Atlantic  where  the  band  existed  six  hours  previous.  From 
past  history  In  this  series  and  with  due  regard  to  a wintertime  situ- 
ation, this  sole  fix  would  still  serve  as  a valuable  Indication  of  a 
rather  slow  movement  to  the  frontal  structure.  The  series  of  three 
fixes  to  the  south  would  aid  considerably  in  placing  the  southern 
extremities  of  the  cold  front. 

Figure  144  for  121230Z  January  1952  shows  two  fixes  attending  the 
wave  formation  on  the  cold  front  in  the  Atlantic.  A small  group  of 
fixes  Is  again  associated  with  the  southern  extremities  of  the  front. 

A group  of  fixes  well  In  advance  of  the  cold  front  in  its  southern 
portion  appeals  to  be  associated  with  a convergent  zone  in  the  south- 
east portion  of  the  Mid-Atlantic  high  cell. 

Figure  145  for  121830Z  January  1952  shows  Increased  sferlos 
activity  in  the  form  of  a bloclc  and  In  association  with  cyclogenesls 
on  the  cold  front  In  the  Atlantic.  Throughout  this  January  series, 
up  to  and  Including  this  map,  the  sferlcs  activity  In  the  Atlantic  has 
remained  essentially  in  the  same  position  Indicating  to  the  analyst  a 
relatively  stagnant  synoptic  situation. 

Figure  146  for  130630Z  January  1952  shows  a widespread  scatter  of 
fixes  In  the  Atlantic  forming  an  extremely  loose  band.  The  wave  has 
Intensified  during  the  last  twelve  hours  as  might  have  been  expected 
from  the  preceding  map.  The  scatter  In  this  Instance  should  Indicate 
a movement  of  the  front  more  rapid  than  was  evident,  heretofore.  The 
scatter  of  flies  west  of  the  high  cell  could  be  difficult  to  Inter- 
pret without  other  data,  but  they  might  be  deduced  as  being  on  the 
back  side  of  a high  In  the  SE  quadrant,  In  which  case  the  analyst 
would  have  placed  the  high  cell  NE  of  Its  true  position. 

1.  Series  IX 

Figure  147  for  011230Z  February  1952  displays  a loose  band  of 
fixes  from  Georgia  southeast  through  the  Gulf  of  Mexico.  With  no  other 
data,  this  would  be  Interpreted  as  cold  frontal  activity  both  from  the 
NE-SW  orientation  and  the  loose  banded  structure.  In  this  case  a 
fairly  poor  synoptic  analysis  would  have  been  made.  However,  it  must 
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be  remembered  that  this  represents  the  first  in  a series  with  no 
past  history  to  support  emy  deduction  process. 

Figxire  148  for  O1103OZ  February  1952  shows  an  entirely  different 
sl'erics  distribution  picture,  which  would  cause  the  analyst  to  recon- 
sider his  analysis  in  the  last  instance.  The  block  of  fixes  in  the 
Midwest  would  be  suggestive  of  cyclogonesls  on  a portion  of  a quasi- 
stationary front  through  this  region.  The  short  band  of  fixes  along 
the  Gulf  Coast  would  be  suggestive  of  a convergent  zone  of  convec- 
tively  unstable  air  receiving  orographic  lift.  Strong  southerly  flow 
in  the  lower  levels  would  certainly  be  a prerequisite  for  such 
activity. 

Figure  149  for  020030Z  February  1952  shows  a widespread  block  of 
fixes  in  the  south  Midwest.  As  in  the  last  instance,  cyclogenesis  in 
combination  with  a strong  convergent  zone  in  the  SE  quadrant  of  a 
high  coll  woxild  bo  the  only  solution  for  this  sferlcs  configuration. 
The  analyst  at  this  stage  would  certainly  have  an  excellent  idea  of 
the  trough  and  ridge  locations  at  the  surface  and  aloft. 

Figure  150  for  020630Z  February  ±952  gives  clear  evidence  of  a 
NE-SW  orientation  of  cold  frontal  activity  in  the  Gulf  area.  The 
solid  character  of  the  sferics  band  would  suggest  squall-line  activ- 
ity in  advance  of  a cold  front.  Since  cyclogenesls  was  indicated  on 
the  previous  two  maps,  a wave  should  be  carried  on  this  chart. 

Figure  151  for  021230Z  February  1952  shows  the  sharp  band  of 
fixes  displaced  eastward  leaving  no  question  of  squall-line  activity. 
The  scattered  fixes  behind  the  sferics  band  would  be  attributed  to  the 
cold  front,  itself. 

Figure  152  for  030030Z  February  1952  shows  only  scattered  fixes 
where  the  banded  structure  had  existed  previously.  The  squall  line 
would  obviously  be  removed  from  the  analysis,  and  the  cold  front 
carried  so  as  to  be  bracketed  by  the  scattered  fixes. 

Figure  153  for  030630Z  February  1952  shows,  again,  only  scat- 
tered fixes  off  the  coast  of  Florida  and  in  Georgia,  and  little  infor- 
mation would  be  gleaned  from  these.  The  analyst  would  need  to  rely 
upon  extrapolation  from  past  positions  of  the  front  in  this  region. 

The  appearance  of  scattered  fixes  as  far  north  as  Newfoundland  would 
certainly  cause  the  analyst  to  place  frontal  activity  in  this  region. 

Figure  154  for  O3103OZ  February  1952  is  notable  for  its  absence 

of  sferics  data.  A deep  low  developed  in  the  past  twelve  hours,  and 
with  a twelve  hour  lapse  between  sferics  runs  in  this  Instance,  was 
inadequately  detected.  In  any  future  operational  program,  it  is 
certainly  desirable  to  operate  the  sferics  equipment  on  a more  fre- 
quent basis,  say  every  three  hours.  The  SOP  normally  calls  for  runs 
every  six  hours.  A twelve  hour  lapse  in  the  present  case  was  xindoubt- 

edly  occasioned  by  the  malfunc$J.on  of  one  or  more  of  the  five  stations 

of  the  net. 
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Figure  165  for  040030Z  February  1952  ehowa  a small  block  of  fixes 
to  the  west  of  the  Intense  low  situated  off  the  Carolina  coast. 

Another  cluster  of  fixes  appears  north  of  the  low  center  In  the  south 
Midwest.  These  two  groups  of  fixes  might  have  been  banded  together 
by  the  analyst  In  an  WNW-ESE  line,  In  which  case  a frontal  structure 
thus  oriented  would  have  been  a first  approximation  to  the  true  anal- 
ysis. 


Figure  156  for  041230Z  February  1952  shows  a thin  band  of  fixes 
from  Ohio  south  to  Florida.  Cold  frontal  activity  would  bo  deduced, 
and  most  certainly  a major  westerly  trough  aloft.  The  small  block  of 
fixes  In  the  NS  quadrant  of  the  intense  low  center  off  the  coast  of 
Maryland  would  be  attributed  to  cyologenesls  In  this  region. 

Figure  157  for  041830Z  February  1952  shows  a short  and  narrcw 
NE-SW  band  of  fixes  south  of  the  Great  Lakes  Indicating  cold  frontal 
activity.  Two  fixes  appear  to  the  east  of  this  region  and  might  be 
associated  with  the  wave  formation  suggested  in  the  previous  case. 

Figure  158  for  050030Z  February  1952  shows  a widespread  block 
of  fixes  centered  near  Washington,  D.  C.  This  block  and  the  trailing 
thin  band  of  fixes  extending  southwestward  to  the  Yucatan  would  be 
strongly  suggestive  of  an  intense  wave  with  a trailing  cold  front. 

A major  westerly  trough  aloft  may  easily  be  deduced  from  this  situ- 
ation. 

3.  Remarks  on  Utilization  of  Sferlcs  Data 


Throughout  the  discussions  in  this  part  of  the  report  dealing 
with  the  synoptic  and  sferlcs  association  utilizing  the  250-flash  sam- 
ple, the  rules  promulgated  in  Part  IT  from  the  cooplete  flash  analyses 
were  utilized  and  found  to  be  applicable  in  the  deduction  processes. 

Additional  rules  were  introduced,  such  as  the  slgniflcanoe  of 
NS-SW  bands  over  Atlantic  water  areas.  Since  the  mechanism  of  pre- 
sold frontal  squall  lines  precludes  the  appearance  or  persistence  of 
these  disturbances  over  water  area,  the  bands  of  fixes  appearing  well 
off  the  east  coast  of  the  Uhited  States  are  attributed  to  instability 
thunderstorms  within  the  cold  air  sector  of  a cold  front  structure, 
and  thus  the  surface  cold  front,  itself,  is  placed  in  advance  of  such 
sferlcs  configurations. 

Other  rules  were  introduced  regarding  the  relative  zonal  or  merid- 
ional character  ol  the  flow  aloft.  The  orientation  of  the  sferlcs 
pattern  gives  an  accurate  indication  of  the  flow  index  aloft  N-S 
structures  being  suggestive  of  low  index  and  X-W  configurations  of 
high  index. 

Easterly  waves,  particularly  during  the  September  series,  were 
identified  easily  by  banded  sferlcs  structures  irtiioh  moved  in  an  arc 
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around  the  SW  quadrant  of  a high  cell.  Greater  sferics  activity  gen- 
erally attended  the  leading  easterly  wave  with  progressively  lighter 
activity  attending  the  rhythmic  series  which  followed. 

The  importance  of  attributing  more  significance  to  isolated 
sferics  activity  occurring  during  wintertime  situations  than  during 
the  summertime  is  readily  apparent.  It  is  evident,  also,  that  the 
utilization  of  sferics  data  in  determining  the  causal  synoptic  pattern 
is  much  more  difficult  during  relatively  quiet  months.  For  the  most 
part,  in  latitudes  north  of  the  30th  parallel  in  this  area  and  during 
the  late  fall  and  winter,  isolated  sferics  activity  must  be  attributed 
to  frontal  activity  and  not  to  local  air  mass  thunderstorms  as  would 
normally  be  the  proper  deduction  during  a summertime  situation.  Con- 
tinuity becomes  much  more  important  during  the  quiet  months,  since  a 
sferics  map,  Isolated  in  time,  may  more  easily  be  misinterpreted 
during  winter  than  during  summer. 


PART  VIII 


DIRECTION  FINDING  ERRORS 
1.  Introduction 

In  Part  III  4,  above,  it  was  noted  that  sferics  fixes  "undershot" 
source  regions  when  the  distance  between  the  source  and  center  of  the 
net  becomes  great  with  respect  to  the  station  baseline  lengths.  Reasons 
suggested  for  the  "undershooting"  phenomenon  were  (1)  the  Inherent 
instrumental  errors,  and  (2)  the  parallel  beam  uncertainty.  In  an 
earlier  sferics  publication  of  the  project  (l),  it  was  suggested  that 
a certain  amount  of  error  was  introduced  into  the  indicated  bearings 
of  discharges  through  a guiding  of  the  electromagnetic  waves  as  they 
traverse  mountainous  terrain.  This  theory  was  promulgated  by  the 
observance  during  the  project  investigations  of  consistent  bearing 
errors  at  certain  stations,  particularly  when  the  sferics  source  re- 
gions lay  beyond  the  Appalachian  Chain.  Recent  investigations  baaed 
upon  simultaneous  runs  at  selected  stations  have  resulted  in  findings 
which  indicate  that  these  consistent  bearing  errors  are  due  primarily 
to  inherent  instnunental  errors,  and  that  the  guiding  effect,  if  it 
exists,  is  negligible  in  proportion. 

In  addition  to  discussions  of  the  directional  errors  which  are 
inherent  in  the  sferics  equipment  and  which  affect  the  accuracy  of  a 
fix,  this  part  of  the  report  will  also  include  some  discussions  re- 
garding the  non-detection  of  isolated  thunderstorm  activity, 

2.  Ideal  Network 

From  considerations  of -accuracy,  the  best  shape  for  a three- 
station  net  is  an  "L" , thus  allowing  intersections  of  minimum  closure 
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("sharpest")  in  two  planes.  The  ideal  shape  for  a four-station  net 
is  a perfect  square,  for  which  case  the  "sharpest"  intersections  occur 
within  the  square.  From  this  consideration  and  that  of  the  range  of 
each  station,  the  baselines  should  be  equal  to  2r/ «T5|  which  will  thus 
permit  at  least  three  stations  to  detect  any  and  all  sources  within 
the  square.  Figure  159  shows  the  ideal  four-station  net. 

Each  station  possesses  a range  capable  of  necessary  variability. 

The  variability  depends  to  a large  extent  upon  the  nearness  and  se- 
verity of  thunderstorm  activity  since  these  factors  determine  the 
particular  gain  setting  to  be  used  during  a specified  run.  Before 
each  run,  the  gain  of  the  equipment  is  adjusted  so  that  the  greatest 
flashes  extend  only  to  the  extremity  of  the  scope.  This  procedure  has 
been  adopted  in  order  (l)  to  limit,  as  much  as  possible,  the  "blanking 
out"  effects  due  to  superposition  of  large,  broad,  and  occasionally 
elliptical  flashes  from  nearby  storms  on  the  smaller  flaslies  from 
distant  storms,  and  (2)  to  obtain  accurate  azimuthal  readings  of  these 
large  flashes  from  nearoy  storms.  In  so  limiting  the  gain  of  the 
sferics  set,  however,  this  procedure  defeats  its  purpose  to  some  extent 
by  eliminating  the  detection  of  flashes  from  very  distant  storms.  The 
procedure  is  admittedly  a compromise,  but  it  affords  the  optimum  con- 
ditions for  the  reception  of  usable  data.  Since  the  gain  setting 
chosen  for  a given  run  of  an  individual  station  is  thus  dependent  upon 
the  presence  or  absence  of  nearby  thunderstorm  conditions  and  therefore, 
variable,  it  is  more  desirable  to  speak  of  the  range  of  the  net  from 
its  center  point  rather  than  the  range  of  the  individual  stations. 
Further,  when  speaking  of  the  rarige  of  a net,  one  implies  that  this 
range  is  the  maximum  distance  to  which  accurate  fixes  may  be  obtained. 
For  Instance,  the  associations  made  between  data  from  the  Caribbean 
net  and  reports  of  thunderstorm  activity  indicate  that  this  particular 
net  has  a range  of  accuracy  of  approximately  2000  miles  from  the  center 
point. 

Although  the  baselines  should  be  ideally  equal  to  2r/  (see 
Figure  159) , practical  considerations  involving  the  range  variability 
of  individual  stations  and  the  maintenance  of  communications  between 
the  outlying  stations  and  the  net-control  station,  puts  an  upper 
limit  on  the  extent  of  the  baselines. 

3.  Parallel  Beeun  Uncertainty 


The  effect  of  quasi-parallel  beams  is  a function  of  three  factors; 
namely  (1)  distance  of  source  region  from  center  of  net,  (2)  baseline 
length,  and  (3)  orientation  of  the  net  with  respect  to  the  area  to  be 
scanned. 

The  "undershooting"  phenomenon  (see  Part  III  4)  occurred  when 
thunderstorm  source  regions  in  the  Far  Midwest  were  located  as  dis- 
tances greater  than  2000  miles  from  the  center  of  the  net.  At  this 
great  distance  many  of  the  bearings  from  the  Kindley  and  Fort  Monmouth 
stations  (see  Figure  160)  would  be  almost  parallel,  and  more  strikingly 
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so  for  bearings  from  the  Robins,  MacDill  and  Ramey  stations.  The  mul- 
tiple intersections  of  the  members  of  these  two  parallel  beams  in- 
volving two  and  three  bearings  each,  respectively,  enclose  an  area 
which  is  generally  too  large  to  be  closed  to  a single  point  (see  Part 
III  3) . Cases  of  this  doubtful  nature  were  discarded.  However,  if 
the  R<mey  station  exhibited  a bearing  which  appeared  to  be  grossly 
in  error,  as  was  often  the  case,  or  die  not  read  a particular  flash 
from  this  storm,  which  happened  occasionally  for  the  weaker  flashes 
Ln  view  of  the  great  distance  (3000  miles)  from  Ramey  to  the  source, 
then  the  intersections  of  bearings  from  Fort  Llonmouth,  Kindley,  and 
Robins  would  frequently  represent  the  vertices  of  an  elongated  tri- 
angle (see  Figure  161).  Because  of  inherent  instrumental  errors,  to 
br  discussed  later  in  this  section,  the  IdacDill  station,  for  this 
source  region  and  along  with  the  Ramey  station,  generally  exhibited 
a seemingly  erroneous  direction.  With  reference  to  Figure  161,  then, 
the  fix  would  be  placed  at  the  center  of  the  inscribed  circle.  In 
this  case,  the  center  of  the  inscribed  circle  may  not  be  the  most 
representative  position  for  the  fix  location,  since  it  favors  the 
bearing  from  the  Robins  station.  Since  any  position  within  the  tri- 
angle is  a possible  fix  location,  the  fix  determined  by  the  center 
of  the  inscribed  circle  in  an  elongated  triangle  would  consequently 
tend  to  "undershoot"  the  source  when  compared  to  the  centroid  lo- 
cation. 

Another  factor  contributing  to  the  erroneous  fixes  noted  in  the 
Far  Midwest  end  directly  related  to  the  great  distance  between  source 
and  net  is  the  uncertainty  of  fix  location  produced  by  the  allowable 
movement  of  each  azimuth  to  a maximum  of  ^3°  in  seeking  a fix  (see 
Part  III  3) . At  a distance  of  2500  miles,  a three-degree  movement  of 
one  azimuth  corresponds  to  scanning  an  arc  of  approximately  130  miles. 
In  seeking  a fix,  the  allowable  movement  of  ^3°  would  thus  permit  a 
scan  of  260  miles  for  each  azimuth.  Such  a large  leeway  detracts 
appreciably  from  the  accuracy  of  a fix.  If  the  error  triangle  in  the 
Far  Midwest  is  small  initially,  and  if  all  possible  fixes  are  plotted 
by  all  combinations  of  incremental  movements  of  each  azimuth  up  to  3°, 
a scatter  of  locations  will  result  which  form  an  elongated  elliptical 
pattern  superimposed  upon  the  elongated  triangle.  The  distant  end  of 
the  elliptical  scatter  will  greatly  "overshoot"  the  source  region  and 
the  near  end  will  "undershoot". 

4 . Inherent  Instrumental  Errors 


Throughout  the  direct  association  analyses  discussed  in  Part  III 
4 and  Part  VI  2,  above,  consistent  bearing  errors  were  noted  for  partic- 
ular stations  and  for  particular  source  regions.  For  instance,  the 
MacDill  station  appeared  to  have  a consistent  bearing  error  when  the 
storm  area  was  located  in  the  Far  Midwest;  the  error  being  approxi- 
mately -5°  from  the  apparent  true  bearing  as  determined  from  the  loca- 
tion of  the  fix  derived  from' bearings  of  the  Fort  Monmouth,  Robins, 
and  Kindley  stations.  The  Ramey  station  also  appeared  to  have  a con- 
sistent bearing  error  in  this  oase  of  tlO°  from  the  apparent  true 
bearing  of  the  storm.  The  Fort  Monmouth  station  appeared  to  have 
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consistent  bearing  errors  In  the  southwest  quadrant  when  the  storm 
area  was  located  in  the  region  of  the  Oulf  of  Mexico*  The  Roblne 
station  was  noted  to  have  consistent  errors  in  the  NX  quadrant* 
Finally,  the  Bermuda  station  appeared  to  have  no  consistent  bearing 
errors.  The  guiding  effect  of  the  mountainous  terrain  paralleling 
the  east  coast  seemed  to  offer  a reasonable  explanation  for  the  dis- 
crepancies noted.  In  order  to  check  this  theory  by  the  process  of 
elimination,  simultemeous  observations  utilizing  a spare  sferics  set 
and  the  normal  station  sat  were  made  with  the  spare  set  (1)  at  the 
local  and  two  remote  sites  at  Ramey,  (2)  at  a remote  site  at  Kindley, 
and  (3)  at  the  local  site  at  UacDlll.  In  the  meantime,  the  Evans 
Signal  Laboratories  Sferics  Section  made  simultaneous  observations 
at  Fort  Monmouth.  For  the  most  part,  the  simultaneous  runs  were  made 
when  thunderstorm  activity  was  occurring  in  the  Midwest  so  that  the 
large  consistent  bearing  errors  noted  for  Ramey  and  MacDill  might  be 
exeunined.  It  was  felt  that  departures  of  the  indicated  bearings  from 
the  true  bearings  were  functions  of  the  following  three  sources  of 
error: 


(1)  Site 

(2)  Instrumental  uncertainties 

(3)  Guiding  effect  of  mountainous  terrain 

By  making  simultaneous  observations  at  the  local  site  and  com- 
paring the  azimuths  of  flashes  derived  from  the  spare  and  the  sta- 
tion sets,  the  magnitude  of  inherent  Instrumental  errors  could  be 
determined.  By  making  simultaneous  observations  with  the  spare  set 
at  a remote  site,  the  magnitude  of  site  errors  could  be  determined. 
Thus,  by  the  process  of  elimination  the  guiding  effect  theory  could 
be  evaluated* 

Figures  162,  163,  and  164  show  the  smoothed  error  curves  for 
sites  1,  2,  and  3,  respectively,  at  Ramey.  Site  1 is  beside  the 
local  station,  and  sites  2 and  3,  the  remote  locations,  approxi- 
mately two  to  three  miles  distant  from  the  local  site.  In  each 
case  a sinusoidal  error  curve  with  a period  of  160^  of  azimuth  was 
clearly  Indicated.  Because  of  the  symmetry  of  the  error  curves, 
there  is  little  doubt  but  what  the  inherent  Instrumental  errors  are 
the  Important  components  of  the  overall  consistent  bearing  errors  of 
the  AN/GRD-IA.  Site  emd  the  proposed  guiding  errors  must  play  a 
negligible  role.  Investigations  by  the  Sferics  Section  at  Ivans 
Signal  Laboratories  utilizing  simultaneous  runs  between  the  Air 
Weather  Service  station  euid  a mobile  station  revealed  a similar 
sinusoidal  character  to  the  error  curve.  It  was  their  conclusion, 
also,  that  the  consistent  bearing  errors  noted  during  the  evaluation 
project  were  caused  by  a condition  existing  within  the  AN/QRD-IA 
proper. 
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The  following  reasons  have  been  suggested  by  Mr.  Pick  and  Mr, 
Hixson  of  the  Evans  Signal  Laboratories  to  explain  the  sinusoidal 
error  curve: 

(1)  Improper  orientation  of  loops. 

(2)  Improper  tuning  of  loops  with  respect  to  amplifiers. 

(3)  Improper  orientation  of  plates  of  cathode  ray  tube 
with  respect  to  each  other. 

The  last  reason  regarding  the  CRT  may  be  ignored  since  cali- 
bration of  the  tube  is  performed  periodically  so  as  to  correct  for 
errors  resulting  from  improper  plate  alignment.  The  first  reason 
regarding  Improper  loop  orientation  is  a remote  possibility  for 
explaining  the  consistent  bearing  errors  since  the  orientations, 
when  carefully  performed,  are  accurate  to  within  seconds  of  a degree. 
The  explanation  of  improper  tuning  of  loops  with  respect  to  the  ampli 
fiers  is  by  and  large  the  most  reasonable  explanation  for  the  sinus- 
oidal error  curves.  Initial  investigations  by  Mr.  Hixson  have 
revealed  that  deviations  from  the  45®  line  occur  when  the  vertical 
and  horizontal  amplifiers  are  non-linear  with  respect  to  each  other. 

A certain  amount  of  non-linearity  is  to  be  expected  as  it  is  extremely 
unlikely  that  two  amplifier  circuits  will  produce  identical  voltage 
outputs  for  the  same  inputs.  Hixson  fov;nd  larger  deviations  when  the 
loops  were  tuned  to  different  frequencies  (±S  kc)  than  the  amplifiers. 
Those  deviations  were  of  the  same  order  of  magnitude  as  the  error 
curves  (Figures  162  and  164)  at  45°,  This  explanation  seems  most 
reasonable,  since  it  can  explain  the  180°  shift  in  phase  between  the 
Ramey  error  curves  from  sites  1 and  3 (Figures  162  and  164),  In  one 
case,  the  loops  were  probably  tuned  to  a higher  frequency  than  the 
amplifiers;  and  in  the  other  case,  the  loops  v/ere  tuned  to  a Icfwer 
frequency  than  the  amplifiers.  This  explanation  of  loop  and  ampli- 
fier mistuning  would,  however,  require  that  the  error  curves  pass 
through  0°,  90°,  180°,  and  270°  exactly,  since  only  one  of  the  loops 
would  be  receiving  a voltage  at  these  azimuths,  while  the  other  is  at 
a null  point.  The  error  curves  from  the  Ramey  sites  do  not  exhibit 
these  characteristics  precisely,  so  that  there  are  undoubtedly  other 
factors  at  work,  besides  the  loop  and  amplifier  mistuning.  The 
error  curve  for  the  Ramey  site  2 (Figure  163)  shows  errors  of  much 
greater  amplitude  than  those  of  sites  1 and  3,  Site  2 was  located 
at  the  Ionospheric  station  and  consequently  local  interference  was 
substantial  thereby  causing  an  accentuation  of  the  error  curve. 

Figure  165  shows  the  error  curve  for  the  Kindley  site.  This 
curve  does  not  exhibit  the  sinusoidal  feature  as  strikingly  as  the 
Ramey  or  Fort  Monmouth  curves.  The  MacDill  data  ere  not  presented 
since  they  were  insufficient  to  permit  a complete  investigation  of 
180°  of  the  compass  rose. 

Another  result  of  Hixson’s  work  is  the  fact  that  signal  strength 
appears  generally  to  be  inversely  related  to  the  magnitude  of  errors 
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in  azimuth.  This  would  explain,  In  part,  the  large  dlacrepanolea 
noted  in  the  Reuney  bearings  when  the  storm  area  was  in  the  Far  Mid- 
west, 

5.  Called-Flashes  Versus  Fixes 


During  the  analysis  of  a sferlos  run,  the  procedure  adopted  was 
that  of  having  one  designated  station  "call"  by  time  every  flash  on 
its  film  with  the  other  four  stations  synchronizing  on  the  same  time 
groups.  Since  we  were  interested  primarily  in  fixes  occurring  over 
continental  U,  S,  for  the  direct  association  of  fixes  with  thunder- 
storms, the  calling  station  was,  in  all  oases,  one  of  the  three 
located  within  the  U,  S. ; l,e,,  Robins,  MacDlll,  or  Fort  Monmouth. 

In  the  majority  of  the  runs,  Robins  was  designated  as  the  calling 
station. 

For  the  ten  runs  analyzed,  the  average  percentage  of  called- 
flashes  which  resulted  in  fixes  was  35%,  although  the  percentages 
for  individual  runs  ranged  from  22  to  78%,  The  statistics  for  each 
two-minute  run  are  tabulated  below. 


DATE -TIME 

NO.  OF 
FIXES 

ESTABLISEMENT  OF 
CALLED-FLASHES 

% FIXES/ 
FLASHES 

060730Z 

July  1951 

313 

1440 

22% 

061330Z 

July  1951 

453 

1200 

38% 

061530Z 

July  1951 

407 

1080 

38% 

070630Z 

July  1951 

303 

840 

36% 

071430Z 

July  1951 

329 

480 

70% 

091130Z 

July  1951 

595 

1320 

45% 

1113ZQZ 

July  1951 

284 

720 

39% 

200030Z 

July  1951 

592 

1920 

51% 

200630Z 

July  1951 

306 

480 

64% 

201830Z 

July  1951 

748 

960 

78% 

Averages 

433 

1054 

35% 

The  question  which  follows  naturally  from  a glance  at  the  above 
percentage  figures  is:  Why  do  not  all  called-flashes  result  in 

fixes?  No  systematic  association  with  time  of  day  was  found,  nor 
any  association  with  geographic  location  of  the  major  concentration 
of  fixes.  Although  substantiating  data  are  not  available,  the 
following  are  the  most  probable  reasons  for  the  occurrence  of  flashes 
not  resulting  in  fixes: 

(1)  Flashes  detected  only  by  the  calling  station  may  be 
nearby  weak  discharges  from  cloud-to-cloud , cloud-to-alr,  or  within 
the  cloud  itself.  The  powerful  earth-to-cloud  (return)  discharge 
is  generally  considered  to  be  the  only  flash  with  sufficient  energy 
to  transmit  a ground  pulse  that  can  be  detected  by  at  least  three 
stations  of  a widely-spaced  net. 
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(2)  Unusually  weak  earth-to-cloud  discharges  may  occur 
which  are  detected  by  only  the  calling  station  and  perhaps  one 
other  station, 

(3)  The  origin  of  the  discharges  may  be  too  distant  for 
detection  by  at  least  three  stations, 

(4)  Occasional  drift  in  the  electro-mechanical  timing 
units  may  cause  inaccurate  time  synchronism  on  some  of  the  called- 
flashes. 


(5)  Elliptical  flashes  occur  occasionally  on  the  film 
introducing  considerable  uncertainty  in  the  reading  of  the  azimuths. 
These  flashes  are  the  result  of  either  nearby  discharges  overdriving 
the  amplifier  circuits  or  of  ground  and  sky-wave  phase  interference. 

(6)  Although  the  sferics  stations  in  the  Caribbean  net 
are  sharply  tuned  to  10  kc/sec,  there  are  some  indications  that 
this  may  not  be  the  optimum  frequency  for  the  detection  of  sferics 
and  that  the  detectable  power  of  discharges  varies  in  frequency 
from  one  flash  to  another. 

(7)  Inherent  instrumental  errors  and  the  parallel  beam 
uncertainty. 


PART  IX 


COMPARATIVE  COST  AiNALYSLS 

A monthly  cost  analysis  was  prepared  for  Type  A,  R,  Z and  Y 
sections  for  comparative  purposes,  A tabulation  of  this  analysis 
follows: 


TYPE  STATION 

A 

R 

Z 

Y 

Initial  Equipment  Outlay 

$51,283 

$57, 

106 

$22,658 

$24,820 

Personnel/mo, 

4,598 

1, 

549 

2,120 

2,369 

Supplies/mo, 

419 

8, 

396 

400 

525 

Personnel  and  Supplies 

5,017 

9, 

945 

2,520 

2,894 

No,  of  Observations/mo, 

720 

120 

120 

120 

— 3ZflY-  — 


Cost/observation  7 83  87 

Although  the  data  derived  from  each  type  section  may  not  be 
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directly  compared,  a comparison  might  be  made  of  the  numbers  of 
each  type  station  required  to  furnish  an  end  product  covering  a 
specific  area.  The  sferics  net  normally  consists  of  one  Y and  three 
Z sections,  and  sferics  data  derived  from  this  net  cover  an  area  en- 
closed by  the  Sferics  Plotting  Chart  (AWS-^HPC  9-18A)  • The  cost  per 
sferics  observation  is  $87,  and  this  figure  includes  the  operation 
of  the  four  stations.  In  order  to  obtain  an  end  product  from  R- 
section  data  over  a comparable  area,  a reasonable  estimate  is  that 
thirty  type  R stations  would  be  required  at  a total  cost  of  $2,490 
per  network  observation,  a conservative  estimate  of  the  number  of 
type  A stations  which  would  be  required  to  give  adequate  surface 
synoptic  coverage  of  the  area  in  question  is  500  at  a total  cost  of 
$3  ,500  per  network  observation.  These  figures  are  not  intended,  by 
any  means,  to  show  that  sferics  observations  should  replace  R-  or 
A-station  observations,  but  merely  to  show  that  sferics  observations 
are  relatively  inexpensive. 


PART  I 


SU!.a.t^lRY  OF  CONCLUSIONS 

Preliminary  investigations  (Part  II)  revealed  (1)  that  the 
monthly  distributions  of  sferics  fixes  over  a two  year  period 
followed  generally  the  seune  patterns  of  the  normal  monthly  distri- 
butions of  thunderstorm  days  derived  from  the  forty-year  record 
of  Alexander,  (2)  that  the  effects  of  magnetic  storm  activity  on 
the  propagation  of  sferics  indicate  a tendency  toward  an  inverse 
relationship  (correlation  coefficient  of  -.212),  (3)  that  the 
effects  of  magnetic  storm  activity  on  the  directional  character- 
istics of  sferics  indicate  also  a tendency  toward  an  inverse  re- 
lationship (correlation  coefficient  of  -.344),  (4)  that  a diurnal 
variation  in  the  number  of  fixes  exists  with  a minimum  at  1200Z 
and  a maximum  at  OOOOZ,  and  (5)  that  July  exhibits  a maximum  (6550) 
of  sferics  fixes  and  Januarj'  a minimum  (5350),  while  variations 
from  month  to  month  do  not  appear  to  be  signiHcantly  systematic. 

The  origin  of  a sferics  fix  is  an  electromagnetic  disturbance 
associated  with  a lightning  discharge.  Tnis  conclusion  was  based 
upon  a direct  association  of  sferics  fixes  with  reports  of  thunder- 
stoims  derived  from  a dense  network  of  special  observers  (Part  III) . 
Complete  analyses  ( every  discernible  flash)  of  selected  two-minute 
runs  during  July  1951  were  utilized  in  this  investigation. 

Because  of  the  prohibitive  time  consuming  feature  of  a complete 
flash  analysis,  various  samples  were  evaluated  for  adequacy  (Part  V), 
The  250-flash  sample  was  selected  from  the  three  samples  eieunlned 
as  offering  the  greatest  detection  (60^6)  at  a reasonable  cost  of 
time  (2i  hours). 
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An  independent  oheok  of  the  adequacy  of  the  250-flash  sample 
was  made  utilizing  additional  runs  during  July,  1951,  in  a direct 
association  of  sferics  fixes  and  reports  of  thunderstorms  (Part  VI). 
In  all  oases,  the  250-flash  sample  was  determined  to  be  represent- 
ative. 


The  association  of  sferics  fixes  with  characteristic  synoptic 
patterns  was  discussed  in  some  detail  in  Parts  IV  (complete  flash 
analyses)  and  VII  (250-flash  sample).  Certain  facts  and  rules 
derived  from  these  investigations  on  the  utilization  of  sferics 
data  over  the  area  scanned  in  the  absence  of  much  or  all  the  normal 
synoptic  data  are  summarized  below; 

(1)  Sferics  data  for  Klarch  throu^  September  are  generally 
abundant  and  the  deduction  of  the  causal  synoptic  patterns  from 
these  data  is  relatively  simple.  Little  significance  should  be 
associated  with  isolated  fixes  whl^'h  are  generally  local  air  mass 
disturbances. 

(2)  Sferics  data  for  October  tnrough  February  are  rela- 
tively lass  abundant,  particularly  north  of  approximately  the  30th 
parallel,  and  the  deduction  process  becomes  more  complex.  Iduch 
significance  must  now  be  attached  to  the  isolated  fixes  or  small 
clusters  in  the  northern  latitudes,  since  these  fixes  are  undoubted- 
ly the  result  of  frontal  activity  rather  than  local  air  mass 
thunderstorms.  Continuity  of  sferics  data  is  of  utmost  importance 
during  this  period,  since  a poor  deduction  of  the  causal  synoptic 
pattern  from  a sferics  map,  isolated  in  time,  is  more  likely  to 
occur  when  the  sferics  data  are  relatively  sparse.  Subsequent  maps 
will  aid  the  analyst  in  substantiating  or  disproving  his  initial 
deduction. 


(3)  Bands  of  fixes  with  KH-SZ  orientation  indicate  warm 
frontal  activity  with  the  thunderstorms  resulting  from  the  forced 
ascent  of  warm  moist  air.  The  warm  front  should  be  placed  parallel 
to  and  directly  SW  of  the  banded  structure.  The  width  of  the  band 
normal  to  the  surface  front  is  inversely  related  to  the  steepness 
of  the  frontal  surface  aloft.  The  length  of  the  band  along  the 
surface  front  is  directly  related  to  the  width  of  the  southerly 
flow  of  warm  moist  air  in  the  lower  levels. 

(4)  Bands  of  fixes,  predominantly  loose  in  character, 
with  a NE-^  orientation  indicate  cold  frontal  activity.  Over 
land  areas,  the  loose  band  will  normally  bracket  the  surface  front 
with  the  thunderstorms  being  the  result  of  frontal  lifting  directly 
in  front  of  and  behind  the  surface  front.  Scattered  fixes  or 
clusters  may  occur  well  behind  the  surface  front  as  a result  of 
instability  thunderstorms  within  the  cold  air  sector.  Over  water 
areas,  the  loose  band  will  normally  lie  parallel  to  and  behind  the 
surface  front  as  a result  of  frontal  lifting  and/or  instability 
thunder-storms  within  the  cold  air  sector.  The  frontal  surface  in 
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the  lower  levels  has  now  assumed  a more  linear  relationship  with 
height  and  has  become  less  steep  over  water  areas  so  that  the 
frontal  lifting  thunderstorms  do  not  normally  occur  In  advance  of 
the  surface  front. 

(5)  Bands  of  fixes  with  an  E-KI  orientation  indicate  quasi- 
stationary frontal  activity  oriented  likewise  through  the  center  of 
the  band.  In  the  region  of  the  band,  cyclogenetic  processes  are 
taking  place,  generally  in  a pressure  col, 

(6)  Blocks  of  fixes,  i.e.,  bands  with  no  preferred  orien- 
tation, are  indicative  of  cyclonic  processes.  These  blocks  may  vary 
considerably  in  extent  due  in  part  to  the  seasonal  variations  of 
thunderstorm  activity.  Blocks  of  fixes  have  been  noted  occasion- 
ally in  association  with  hurricanes,  although  accompanying  sferics 
activity  is  erratic  in  orientation  and  in  existence  with  respect  to 
such  disturbances, 

(7)  Particularly  dense  bands  of  fixes  with  a NE-SW  orien- 
tation indicate  pre-cold  frontal  squall  line  activity.  Often  a 
scatter  of  fixes  behind  the  squall  line  band  will  indicate  the  posi- 
tion of  the  trailing  cold  front.  As  the  squall  line  sferics  activi- 
ty decreases,  the  fixes  along  the  cold  front  increase  in  number, 

(8)  The  orientation  of  a band  of  fixes  is  indicative  of 
the  flow  pattern  aloft;  a predominantly  N-S  orientation  indicating 
meridional  flow  and  an  E-W  orientation, zonal  flow, 

(9)  The  spatial  distribution  of  bands,  clusters,  or 
blocks  of  fixes  will  indicate  the  positions  of  the  troughs  aloft, 
and  the  ridges  may  be  accurately  placed  in  the  sferics  null  points. 
The  amplitudes  of  the  troughs  may  be  deduced  from  the  orientations 
of  the  sferics  structures  as  in  (8),  above.  For  a hemispheric 
analysis  where  a "silent  zone"  exists,  the  sferics  data  in  this 
region  would  be  valuable  aids  in  placing  the  troughs  and  ridges  so 
as  to  complete  the  global  analysis  accurately.  Wave-length  fore- 
casting techniques  may  then  be  applied  with  a greater  degree  of 
confidence. 


(10)  The  production  of  a band  of  sferics  fixes  requires 
generally  a warm  tongue  of  moist  air  in  the  lower  levels,  perhaps 
up  to  700  mb,  overrun  at  right  angles  in  the  three  dimensional 
picture  by  a cold  dry  tongue  aloft.  The  isotach  analysis  at  upper 
levels  would  thus  show  the  regions  of  maximum  velocity  to  be  west 
and  north  of  the  sferics  bands, 

(11)  Bands  of  fixes,  occasionally  loose  in  character, 
delineate  easterly  wave  activity  in  the  Caribbean  area.  Generally, 
the  first  in  a series  of  waves  exhibits  the  most  Intense  activity 
with  progressively  reduced  activity  attending  the  subsequent  waves. 
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(12)  Not  to  b«  overloolced  are  the  seTere  and  hazardous 
weather  phenomena  occurring  within  the  sferlcs  structures  thetaselTcs, 
and  In  close  proximity  to  them. 

Discussions  regarding  the  radio  direction  finding  enrors 
inherent  in  the  sferlcs  equipment  and  the  errors  resulting  from  the 
parallel  beam  uncertainties  are  included  in  Part  YIII.  The  primary 
cause  of  errors  in  the  present  equipment  appears  to  be  the  non- 
linearity of  the  amplifiers  with  respect  to  each  other.  The  magni- 
tudes of  the  errors  are  accentuated  when  the  loops  are  tuned  to  a 
different  frequency  than  the  amplifiers.  The  nature  of  the  error 
curve  is  sinusoidal. 

A comparative  cost  analysis  was  presented  in  Part  U wherein 
type  A,  R,  Z,  and  Y sections  were  compared.  The  cost  per  obser- 
vation derived  from  a four-station  sferlcs  net  (3Z  ♦ IT)  is  $87 
as  compared  to  $03  for  each  R section  observation.  The  cost  per 
observation  for  an  A section  is  $7.  Although  the  data  may  not  be 
compared  directly,  the  area  scanned  by  the  sferlcs  net  is  enormous 
in  comparison  to  the  relatively  local  nature  of  R and  A section 
observations.  In  this  respect  the  cost  of  operating  a sferlcs  net 
is  considered  to  be  negligible  in  comparison  to  network  costs  for 
R and  A sections  to  cover  a comparable  area. 

Because  of  the  convenience  of  obtaining  verification  data,  and 
because  of  the  scope  of  the  Caribbean  net,  this  report  of  the 
Sferlcs  Evaluation  Project  has  dealt  solely  with  an  evaluation  of 
sferlcs  data  over  the  eastern  United  States,  the  Caribbean,  and 
the  western  Atlantic  areas.  For  any  future  operations  in  other 
areas,  studies  of  this  nature  will  be  required  with  particular 
emphasis  on  the  association  between  sferlcs  fixes  and  synoptic 
patterns.  Very  little  appears  in  the  literature  regarding  the  syn- 
optic climatology  of  thunderstorm  activity  in  relation  to  frontal 
patterns. 

The  problem  of  gaining  data  from  relatively  "silent  zones"  is 
normally  approached  through  expensive  reconnaissance  flights  and 
equally  expensive  ship  reports.  The  utilization  of  sferlcs  data 
provides  a valuable  adjunct  or  supplement  to  these  reports  at 
bargain  basement  prices. 
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APPENDIX  I 
PROJECT  PERSONNEL 
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Approximate 
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Major  Oard  OliTeroa 
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15  Feb 

•51 

2 

mos. 

Captain  James  W.  Green 
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•51 

6 

mos. 

Captain  Harold  E.  Orenard 

8219 

24  Apr 

•51 

12 

mos. 

Captain  Mack  Siler,  Jr. 

8205 

3 Jul 

•51 

12 

mos. 

Captain  Robert  Turkisher 

8219 

29  Mar 

•51 

11 

mos. 

Captain  William  G.  Wells 

8205 

7 Feb 

•51 

4 

mos. 

Airmen: 

T/Sgt.  William  G.  Smiley 

30173 

9 Feb 

•52 

5 

mos . 

T/Sgt.  B.  J.  Wall 

25171 

9 Jun 

•52 

1 

mo. 

S/Sgt,  Stanley  Braverman 

29351 

24  Oct 

•51 

6 

mos. 

S/Sgt.  Jesse  C.  Carrlker 

29351 

15  Jun 

•51 

6 

mos. 

S/Sgt.  Ben  J.  Glarraputo 

25250 

15  Jun 

•51 

6 

mos. 

S/Sgt.  Leland  E.  Glenn 

25250 

21  Mar 

•51 

8 

mos. 

S/Sgt.  Walter  N.  Leneau 

25250 

18  Mar 

•51 

8 

mos. 

S/Sgt.  Robert  L.  Smith 

29351 

28  Aug 

•51 

•7 

mos. 

A/lo  James  D.  Cornett 

25250 

30  Jul 

•51 

2 

mos. 

A/lo  Charles  F.  Gillikin 

30150 

7 Dec 

•51 

4 

mos. 

A/1o  Robert  E.  Gove 

25250 

19  May 

•51 

7 

mos. 

A/1o  James  Gurlen 

25250 

28  Feb 

•52 

4 

mos. 

A/1c  English  G,  Hammond 

25250 

1 Aug 

•51 

2 

mos . 

A/1c  James  C.  Kidd 

25250 

17  May 

•51 

13 

mos. 

A/1c  Alfred  £.  Pesto 

25250 

17  Aug 

•51 

1 

mo. 

a/1c  James  M.  Smith 

29351 

15  Feb 

•51 

6 

mos. 

A/1c  Murray  T.  Winton 

25171 

6 Apr 

•51 

10 

mos. 

A/2c  James  C.  Barbour 

25250 

1 Aug 

•51 

2 

mos. 

A/2o  Glen  L.  Fuller 

25250 

2 Aug 

•51 

2 

mos. 

A/2o  Willie  P.  Hardeman 

29331 

21  Jul 

•51 

2 

mos. 

a/2o  Anthony  Vitale 

25230 

Apr 

•52 

3 

mos. 

A/3o  Sam  R.  Griffith 

25250 

2 Aug 

•51 

1 

mo. 

A/3o  Robert  J.  lldNamara 

25230 

13  Feb 

•52 

5 

mos. 

A/3o  Donald  8.  Schmidt 

25250 

1 Aug 

•51 

2 

mos. 
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Fig.  1 Sferic3  Equipment  at  Robins 


Fig.  2 Robins  Project  and  Not  Control  building 


rig.  3 Radar  Cconuni cations  EqulfXMnt 
Robins  Net  Control  Station 
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Weather  Detachment  6-26 

Attn.:  SFERICS  Evaluation  Project  Officer 

Robins  Air  Force  Base,  Georgia 
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Fig.  46  Thunders tcm  Data  Card 
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Fig.  47  Saaple  Fila  Record  of  Raw  Data 


Fig,  48  Sferlcs  FllJi  Viewer,  Rapid  Plotting 
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Vorticity  Dynamics  of  Cyclones  According  to  Bjerknes 
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Fig.  70 
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Fig.  164  Error  Curve  for  Ramey  Site  3 fig*  Error.  Curve  for  Kindlaj 


Because  of  our  limited  supply,  you  are  requested  to  return  this  copy  WHEN  IT  HAS  SERVED 
YOUR  PURPOSE  so  that  it  may  be  made  available  to  other  requesters.  Your  cooperation 
will  be  appreciated. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  OTHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCUREMENT  OPERATION,  THE  U.  S.  GOVERNMENT  THEREBY  INCURS 
NO  RESPONSIBILITY,  NOR  ANY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FORMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAWINGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 

Reproduced  by 

DOCUMENT  SERVICE  CENTER 

KNOTT  BUILDING,  DAYTON,  2,  OHIO 


lUNaASSIFIED 


